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The  first  volume  of  this  work  which  appeared  in  the  year 
1880  formed  a  complete  and  independent  treatise  on  the 
physiological  chemistry  of  the  elementary  tissues  of  the 
animal  body,  including  under  this  designation  the  blood, 
the  lymph,  and  the  chyle. 

The  present  volume,  like  its  predecessor,  constitutes 
an  independent  and  complete  treatise ;  it  deals  with  the 
physiological  chemistry  of  the  digestive  processes,  which 
have  been  treated  on  the  same  lines  as  were  followed  in 
VoL  I.  My  aims  and  endeavours  are  clearly  set  forth  In 
the  following  sentences  which  appeared  in  the  preface  to 
that  volume :  * 

'  It  has  been  a  constant  object  with  me  to  give  the 
reader  a  very  full  and,  so  far  as  possible,  independent 
account  of  the  state  of  knowledge  on  the  subjects  discussed. 
and  I  trust  I  may  with  complete  truthfulness  say  that  this 
work  is  based  upon  a  study  of  original  memoirs,  rather 
than  upon  a  study  of  text-books.  In  the  interest  of  the 
student,  nearly  all  papers  are  quoted  by  their  full  titles 
and  few  have  been  quoted  which  have  not  been  thoroughly 
read  and  studied.  Whenever  quotations  have  been  made 
at  second  hand  the  fact  has  been  stated,' 
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'Another  feature  which  I  have  desired  to  render  pro- 
minent in  this  work  is  the  description  of  the  methods 
which  have  been  followed  in  important  and,  to  borrow  a 
convenient  Germanism,  'epoch-making'  researches.  It 
seemed  the  more  important  to  do  this  as  I  desired  to  write 
in  the  interest  of  the  truly  scientific  student,  anxious  not 
merely  to  learn  what  has  been  already  acquired  to  science, 
but  wishful  himself  to  extend  her  boundaries.* 

*  I  have,  as  far  as  possible,  tried  all  the  experimental 
processes  mentioned  in  this  book,  and  throughout  it  I  have 
incorporated  the  results  of  my  own  independent  researches 
which,  in  many  cases,  have  not  yet  been  published  else- 
where.* 

The  publication  of  several  excellent  Manuals,  such  as 
those  of  Hammarsten  and  of  Haliburton,  which  deal,  in  a 
comprehensive  but  necessarily  succinct  manner,  with  the 
whole  field  of  Physiological  Chemistry,  have  adequately 
met  the  wants  of  a  large  class  of  students  whilst,  I  venture 
to  think,  they  have  left  the  field  open  for  a  work  which 
shall  be  based  on  an  original  study  of  the  whole  literature 
of  the  subjects  treated  of,  and  which  shall  be  an  accurate 
guide  to  the  advanced  student  and  the  original  worker, 
both  in  the  study  and  the  laboratory. 

As  in  the  first  volume,  though  in  a  more  detailed 
manner,  I  have  written  not  merely  as  a  scientific  chemist, 
but  from  the  stand-point  of  the  physiologist,  and  I  have 
treated  with  especial  care  all  subjects  which  are  of  interest 
to  the  pathologist,  the  pharmacologist,  and  the  scientific 
physician. 

In  illustration,  I  may  cite  the  chapters  in  which  I 
discuss  the  pathology  of  jaundice,  the  pharmacology  of 
icterogenic  poisonous  agents  and  of  cholagogues,  the  struc- 
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ture  and  fonuation  of  gall-stones,  the  investigation  of  the 
gastric  contents,  &c. 

If  circumstances  permit  me,  it  is  my  wish  after  the 
publication  of  a  second  edition  of  Vol.  I.,  to  complete,  by 
an  equally  thorough  study  of  other  great  annual  functions, 
my  survey  of  the  Physiological  Chemistry  of  the  Animal 
Body.  Whether  that  wish  be  accomplished  or  not,  I  trust 
that  the  present  volume  may,  like  its  predecessoi*,  further 
the  advancement  of,  and  prove  not  altogether  unworthy  of 
the  present  position  of,  physiology  in  England. 

I  have  to  acknowledge  my  deep  indebtedness  to  Pro- 
fessor Hugo  Kronecker  who  has  placed  at  the  disposal  of 
his  old  friend  the  whole  resources  of  the  Physiological 
Institute  of  the  University  of  Berne,  liesides  helping  me 
by  his  profound  acquaintance  with  the  literature  of  physi- 
ology. I  am  also  indebted  to  Professor  Drechsel,  who  is 
as  distingiiished  for  his  discoveries  throughout  the  whole 
i*ange  of  Physiological  Chemistry  as  for  his  encyclopedic 
knowledge  of  its  literature  and  who  has  aided  me  by 
most  valuable  suggestions  and  by  the  loan  of  papers  and 
books.  I  would  acknowledge  my  obligations  to  Mi' 
F.  J.  H.  Jeukinson,  M.A.,  Fellow  of  Trinity  College  and 
Librarian  of  the  University  of  Cambridge,  for  enabling 
me,  during  a  residence  in  Cambridge,  to  make  full  use  of 
the  splendid  library  under  his  direction ;  to  Professor 
Bldsch,  Librarian  of  the  tine  Stadt  Bibliothek  of  Berne, 
and  to  the  Authorities  of  the  University  Libraiy  of  Berne 
for  allowing  me  the  freest  use  of  the  books  under  their 
charge. 

Finally,  I  would  appeal  to  my  fellow-workei*s  to  aid  me 
by  communicating  to  me  any  errors  in  this  book  which  have 
neither  been  noticed  amongst  the  corrigenda  nor  corrected 
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in  the  Appendix,  and  especially  to  forward  to  me  copies  of 
original  papers  bearing  on  the  subject-matter  of  the  present 
volume  and  especially  of  Vol.  I.,  which  is  now  occupying 
my  attention. 

ARTHUR  GAMGEK 


Phtsiolooical  Inbtitdtk, 
Unitbbsitt  of  BsBins, 

October,  1893. 


CONTENTS. 

BOOK  IL 

T^E  PHYSIOLOGICAL  CHEMISTRY  OF  DIGESTION. 

CHAPTER  L 

SALIVA  AND  ITS  ACTION   UPON  FOOD.  piob 

Intboductobt  Obsxbvations  ok  Enztubs  and  thbib  Mods  or  AcnoK  8 

Sect.  1.      Ihtboduotobt  Skxtoh,  concbrnimo  thb  Stbcctttbb  op  thb  Salitabt 

GXiANDfl 10 

ForpoBes  served  by  th«  Saliva 10 

General  Obaervations  npon  the  Btmctnre  of  the  Sativary  Glands 

vhen  at  rest 11 

The  Nervous  Supply  of  the  Salivaiy  Glands 13 

Phenomena  associated  vith  the  Activity  of  the  Salivary  Glands  14 
Structural  Changes  in  the  Secretory  Cells  aooompanying  Activity  of 

the  Salivary  Glands 15 

Sect.  2.      Thb  Cbbmical  Cohpositiom  op  Mixed  Saliva,  op  the  Sbcbetion  op 

THE  thbee  cbikp  Sauvabt  Gumds,  and  op  Buccal  Mucus  .        .  16 

1.  MUed  Saliva 16 

Physical  and  Chemical  Properties  of  Mixed  Saliva     ....  17 

The  Saline  Constituents  of  the  Mixed  Saliva 18 

Results  of  Quantitative  Analyses  of  Mixed  Saliva       ....  21 

2.  Parotid  Saliva 21 

Physical  and  Chemical  Characters  of  Normal  Parotid  Saliva      .  28 
Characters  of  Parotid  Saliva  secreted  on  stimulation  of  Sympa- 
thetic and  Glosso-pbaryngeal  Nerves  contrasted 25 

8.     Submaxillary  Saliva 25 

Physical  and  Chemical  Characters  of  Normal  Submaxillary  Saliva  .  27 
Characters  of  Submaxillary  Saliva  secreted  on  stimulation  of  Chorda 

Tympani 28 

Characters  of  Sabnuudllaiy  SftUva  aeoreted  on  stimulation  of  Cer- 
vical Sympathotio  30 


CONTENTS. 


PAOK 


Charaoiers  of  BO-called  *  Paralytic*  Sabmaxillary  Saliva — *Antilytir* 

Beoretion B2 

4.  Sublingual  Saliva 88 

5.  The  Secretion  of  the  Glands  of  the  Muooub  Membrane  of 

the  Month  and  Tongue 84 

SXCT.  8.        Tbb   DXABTATIC  EmZYHB  OF  SaLIVA  AND  THE  ACTION  WHICH  IT  KXXBT8 

UPON  Stabch 36 

Historical  Sketch 86 

Attempts  to  separate  the  Diastatic  Enzyme  of  Saliva  ...  38 
Brief  Outline  of  the  Changes  which  Starch  undergoes  under  the 

influence  of  the  Salivary  Enzyme      ......  39 

Conversion  of  Gelatinous  into  Soluble  Starch 39 

Production    of   Erythrodextrin,  Aohroodextrin,    Maltodextrin    and 

Maltose 40 

Maltose 47 

Sect.  4.      Ezoretiok  op  Mxdicinal  Scbstakcxb  in  the  Saliva  ....  51 

Skct.  5.      Cbanokb  which  the  Sauva  unubboobs  in  Diskabe     ....  52 

Salivary  Concretions 53 

Tartar  of  the  Teeth 53 

Sect.  6.      Dibbctionb  fob  the  Quantitative  Analtsis  of  Saliva       ...  54 

Determination  of  the  Diastatic  Value  of  Saliva.     'Diastasimetiy.'  56 


CHAPTER   11. 

GASTRIC  DIGESTION. 

Intboductobt.    On  the  Stbcctdbb  of  the  Stomach  of  Man  and 

Cabnivoboub  Animals 60 

Some  Historical  Pbelihinabieb.    On  the  Natube  of  Gastbxc  Diges- 
tion, AND  THE  ChaBACTEB  ANO  FbOPRBTIES  OF  THE  GaBTBIC  JuICE  64 

Methods  of  obtaining  Gastbic  Juice 70 

Gastric  Fistula  established  by  accident  in  Man 71 

The  mobx  obvious  Phenomena  attending  Secbbtion  of  the  Gastbxc 

Juice.    The  Influence  of  the  Nbbvous  Ststem  upon  it    .  76 

Fbtbical  and  Chemical  Chabactebb  of  the  Gastbic  Juice         .  79 

Abtificial  Gastbic  Juice 81 

Chemical  Agents  which  influence  Peptic  Digestion      ....  84 

SxoT.  7.      An  Account  of  the  Attempts  to  sbpabate  Pepsin  and  to  xstabubh 

ITS  Chaiuctebr 85 

Pepsin 85 

Sect.  8.      The  Acid  (ob  Acids)  of  the  Gastbic  Juice 90 

Certain  Colour  Reactions  depending  upon  the  nature  of  the  Acid  of 

the  Gastric  Juice 92 

Is  the  Acid  of  the  Gastric  Jaice  free  Hydrochloric  Acid  ?    .        .  95 

The  Researches  of  Richet 96 

Lactic  and  Bu^c  Acids  in  the  Gastric  Juice 99 


Sect. 

1. 

Sect. 

8. 

Sect. 

8. 

Sect. 

4. 

Sect. 

5. 

Seot. 

6. 

r 

1 

CONTENTS. 

PAOB            ^^M 

Sbct. 

9. 

Seats  or  Fobmatio.x  or  the  Muodr,  Pkpsis,  axd  Htdmhblo&io  Acid 

^H 

IK  me  Htouacr.     Thb  Antiicbdbst8  op  thbsk  Bodika 

^H 

^^ 

Secretion  of  Mucus 

^H 

^H 

The  Pyloric  (ilaiidH  and  ihe  Pyloric  Juice 

100     ^M 

^H 

Pepsinogen 

101     ^M 

^^1 

The  Bx(>er)inei)U  of  Klemensiewicz  and  Heidenhain  on  the  Pyloric 

^H 

^^H 

Secretion 

^M 

^^^ 

The  (ilanda  of  the  Fundus.     The  Cells  which  produce  Pepsin  and 

^H 

^^L 

1 

the  Cells  which  produw!  Acid 

105        ^H 

^^V 

1 

Hitrtological  Characters  of  the  (iastiiu  Glands  during  Fasting  and 

^1 

^^r 

Digestion,  and  Belation  of  these  to  the  AmouDt  of  Pepsin  present 

106        ^H 

^^B 

The  Seat  of  the  Foramtion  of  the  Acid  of  the  Gastric  Juice 

107        ^H 

^H 

Theories  as  to  the  Mode  of  Production  of  the  Acid  of  the  Gastric 

^H 

^^1 

JoJoe 

no       ^M 

^H 

Variatiuns  in  the  Proportion  of  Pepsin  and  Acid  in  the  Gastric  Jiuc« 

lu     ^H 

^Scr. 

10. 

Tits  Actios  of  thk  Gastbic  Jdiok,  axo  its  CoKBrrruENTBp  ov  thb 

^1 

t 

PllOTEIDS 

^H 

^^ 

The  Researches  and  Views  of  Meissuer 

114       ^H 

^H 

Brttcke's  Views  on  the  Digestion  of  Proteids 

^H 

^H 

The  Researcbes  of  Behutsenberger 

116       ^B 

^^H 

Ktlhue'fi  Uhservalions  and  Theoretical  Views 

117        ^1 

^H 

Anti&Ibumat  and  Antiulbumid 

^M 

^^B 

The  AlbuxDoses 

in      ^M 

^H 

AntSftlbtiiiUMfi      ........... 

^H 

^^B 

Hemi-atbuinose  and  the  Aibamoses 

^H 

^H 

Peptones 

134         ^1 

^H 

Methods  of  Prepuration  of  Ampho-peptone 

136         ^H 

^H 

DiHtinguishing  Character*  of  Peptones 

^H 

^H 

141         ^H 

^H 

The  Relations  of  Peptones  to  the  Proteids  from  which  Ihey  are  derived 

^H 

^H 

The  .\ction  of  Ihe  Gastric  Juice  upon  the  so-called  *  Albominoid  * 

^H 

^^ 

Bodies 

144         ^H 

1  ®"" 

11. 

The  MrLK-CcnuLiNu  E^czthb  (ob  BsmiKT-ENZTacB)  or  tub  Stouach  . 

147        ^M 

S«CT. 

12. 

Assi'uciJ  ExmTB.scE  or  a  Lactic  Acid  Fioimknt  in  tjib  Stomacb 

151         ^M 

Sbct. 

13. 

The  Pbocesh  or  DioRSTiojf  la  the  Livino  Stomacb     .... 

161        ^M 

General  Sketch  of  Digestion  in  the  Living  Stomach  .... 

152        ^M 

L 

The  Changes  which  Adipose  Tissue  undergoes  in  the  Stomach  . 

^M 

1 

The  Changes  which  Starch  undergoes  in  the  Stonisoh 

^H 

^K 

Cbangos  in   the  Acidity  of  the  Contents  of  the   Stomach   during 

^H 

^H 

Digestion 

^M 

^^1 

Duration  of  the  Digciitive  Process  iu  the  Stomach       .... 

^M 

^F 

The  Final  Products  of  Digestion  which  leave  the  Stomach.     The 

^H 

f 

Chyme 

161)         ^M 

1      SSOT. 

14. 

The  Nox-Dioestion  op  the  Stomach  by  its  Jcicb      .... 

itin       ^H 

t 

The  Physiological  Action  of  Albumobea  and  Peptones 

itu     ^H 

^Ker. 

Ifi. 

Thb  Process  of  Gastric  Dioestiom  in  Disease 

^M 

^F 

The  Gastric  Juice  in  Disease       ........ 

^M 

^H 

On  the  Inflaenoe  of  Changes  in  the  Acidity  of  the  Gastric  Juice  in 

^H 

H 

DieenBO         

\^i     ^M 

■ 

L 

-      .  ^        J 

^^1 

XU  CONTENTS. 

PAOI 

Oaetrio  Digestion  in  Special  DiseaMs. 

1.  Gastric  Digestion  in  Fevers ITS 

2.  Gastric  Digestion  in  Dyspepsia 179 

8.    Gastric  Digestion  in  other  Diseases  of  the  Stomach  176 

Sect.  16.    Dibectioks  fob  Labobatobt  Wobk  cohnkotxx)  with  Gastbio  Diobstiok  17B 

1.    Determination  of  the  Specific  Gravity  of  Gastric  Jnice  178 

3.  Determination  of  Total  Solids  and  fixed  Mineral  Matters  178 
8.    Preparation  of  an  Artificial  Gastric  Juice      ....  178 

4.  Determination  of  the  degree  of  Acidity  of  the  Gastric  Joioe 

or  of  the  filtered  Contents  of  the  Stomach    ....       178 
6.    Determination  of  the  presence  of  f^ee  Hydrochloric  Acid,  by 

Coloor  Tests 178 

6.  Determination  of  the  Amoont  of  free  Hydrochloric  Add 
present  (Riohet's  Modification  of  Schmidt's  Method).  180 

7.  Determination  of  the  proportion  of  Acids  soluble  in  water 

and  ether 181 

8.  Determination  of  the  Peptic  Activity  of  different  samples  of 
Pepsin  or  of  Solutions  containing  Pepsin     ....      18S 

9.  Experiments  on  Pepsinogen  and  Pepsin ;  on  Rennet  Zymo- 
gen and  Bennet  Ferment      . 186 


CHAPTER   III. 

THE  PANCREAS  IN  ITS  RELATION  TO  THE  PANCREATIC  JXHCB. 
PANCREATIC  DIGESTION. 

Sect.  1.      iMTBODtrcroBT  Obsebvations  concerhxmo  sokb  poikts  ir  the  Anatovt 

AND  PhTRIOLOOT  OP  THE  PANCBBAS 188 

Minute  Structure  of  the  Pancreas 189 

Vascular  and  Nervous  Supply  of  the  Pancreas 191 

Sect.  2.      The  Secbetioh  of  Pancbeatic  Juice 191 

Mode  of  establishing  Pancreatic  Fistnlie 198 

General  Phenomena  of  the  Pancreatic  Secretion         ....  195 
Changes  in  the  appearance  of  the  Secretory  Cells  which  accompany 

Secretion.    Concomitant  vascular  changes 197 

Sect,  3.      The  Pbtsical  and  Crevical  Chabactebs  of  the  Pancbeatic  Juice    .      199 

Sect.  4.      The  Pancbeatic  Emzykes  coksidebed  in  Detail        ....  909 

1.    The  Diastatic  Enzyme 308 

Preparation   of   active  Solutions  containing  the  Enzymes  of  the 

Pancreas 204 

Degree  of  Activity  and  Mode  of  Action  of  a  Solution  of  the  Diastatic 

Ferment SOS 

Is  there  a  Zymc^n  of  the  Diastatic  Ferment  ? 906 

Attempts  to  isolate  the  Diastatic  Ferment 1 

The  Cbemioal  Composition  of  the  Diastatic  Enzyme  .... 


CONTENTS.  XUl 

PlOX 

Sect.  5.      The  Fat-dbcohfosimo  Ekztmz 210 

The  Beseaxohes  of  Claude  Benuurd .  .  210 

The  Panoreatio  Joioe  deoompoees  the  Neut»I  Fats    ....  312 

HypothesU  of  a  Ferment  which  decomposes  Fats       ....  214 

Sect.  6.      The  Pbotbolitio  Enzticx— Tbtpbih 216 

Historical  notes  on  the  discovery  of  the  property  of  the  Pancreatic 

Juice  to  dissolve  and  digest  Pxoteids 216 

The  Besearches  of  Heidenhain 218 

The  Zymogen  of  Trypsin 219 

Trypsin 220 

Sect.  7.      The  Conditionb  necbsbabt  fob,  akd    the   Pbihabt  Pboduots  oy 

Tbtfsin-Pboteoltsis 222 

The  General  Phenomena  of  Proteolysis  by  Trypsin    ....  223 

Sect.  8.      Aktx-fkptoke  BxstTLTXNo  fboh  the  actzok  or  Tbtpbin  326 
Beaotions  of  Peptones  free  bom  albomoses  and  purified  by  phospho- 

tungstio  acid 228 

Sect.  9.      Enuhebation  or  the  Pboddcts  (otheb  than  Aiachobes  and  Pep- 

Tozfxs)  or  THE  Action  or  Trypsin  upon  the  ALBunNous  Bodies  339 

General  Observations 339 

Sect.  10.    The  Auido-acids  bxsuziTimo  raoic  the  Action  or  Tbypsin  on  the 

Ajlbcminocs  Bodies 231 

Lencine 232 

Amido -valerianic  acid 244 

Tyrosine 344 

Aapartic  Acid 251 

GlatamioAoid 252 

Sect.  11.    Bases  bssultino    fboh  the  Decomposxtiom    of  Albuminods  Sub- 
stances BT  Trypsin     .        .        .        .' 264 

1.    Lysine 354 

3.     Lyeatinine 256 

AmmonM 260 

Are  Xanthine-bases  products  of  digestion  by  Trypsin?        ...  361 

Tryptophan 263 


CHAPTER  IV. 
THE  BILE. 

Introdcctoby  Obsebvatioms 266 

Sect.  1.      Methods  or  Obtainino  Bile 267 

Sect.  2.      The  Secbetion  or  Bile,  the  cibccubtanceb  cndsb  which  it  occobs^ 

AND  THE  conditions  WHICH  INrLUENCE  IT 269 

Absolute  Amount  of  Bile  secreted 269 

Influenoe  of  ilwiiliiMm  oa  the  Flow  of  Bile  and  Variation  in  its 

of  Digestion 376 


XIV  CONTENTS. 

PAOI 

Influence  of  the  Nsttire  of  the  Diet  on  the  Secretion  of  Bile                .  S78 
Inflaenoe  of  the  Absorption  of  Bile  from  the  Intestine  on  the  qiumtitjy 

of  Bile  secreted 278 

The  Inflaenoe  of  the  Blood-sapply  on  the  Secretion  of  Bik                 .  28S 

The  Pressnre  ander  which  the  Bile  is  secreted 386 

SXOT.  8.         ThX  PhTBXCAI.  CaABAOTBBS  AND  TBX  BxAOTIOM  OF  THK  BXLB                           .  388 

Skct.  4.      Emdmeiutiom  of  the  Oohbtitukmts  or  the  Bile.   The  Combtxtushts 

WHICH  ARE  SpECIFIG  OF  THE  SeCBETIOM 390 

Sect.  5.      Oltkocholic  Acin,  Taubocholic  Acid,  Hyoolykocholio  Acm.  Hyo- 

TAUBOCHOLic  Acip,  Chenotaubooholic  Acxd          ....  390 

Introductory  Observations 390 

The  Early  History  of  researches  on  the  Bile  Acids     ....  391 

The  researches  of  Adolf  Strecker 293 

GlykochoUc  Acid 294 

HyoglykochoUc  Acid 399 

Taurocholio  Acid 800 

Hyotaurooholic  Acid 302 

Chenotaurocholio  Add 803 

Sect.  6.      The  Aoxqs  resultiho  fbou  the  deoohpositioh  of  the  Conjugated 

Bile  Acids 308 

Cholalic  Acid 808 

Dyslysin 807 

Hyooholalic  Acid 807 

Chenocholalio  Add 806 

FellioAdd?? 806 

OholdoAoid?? 806 

Sect.  7,      The  Ahido-acids  which  besolt  fbom  the  Decompositiom  of  the 

COKfTOATBD   BiLE    AciDS 806 

Glyoodue 306 

Tanrine 811 

Sect.  8.      The  Bile  Coloubino  Mattbbs  .      « 818 

Historical  Introduction 318 

Bilirubin 815 

Bilirerdin 833 

Sect.  9.      Soub  Debivatites  of  the  Nobhal  Biliabt  Coloubino  Matters     .  835 

Hydrobilirabin 835 

Biliary  Urobilin  (?) 337 

Biiioyanin 888 

Cboletelin 839 

Sect.  10.    Ivpebfectly  imtestxoated  Coloubino  Mattebs  not  pbb-ixibtent 

ZN  Bms,  but  debited  fboh  Chbomooens  exibtino  in  it  .        .  383 

Cholohiematin 883 

Sect.  11.    The  Mucoid  NccLEo-ALSUinN  of  the  Bile 835 

Sect.  13.    The  Cholestebin,  Fats,  Soaps,  LsaTHiM  and  bemainino  Oboanxc 

Constituents  of  the  Nobhal  Bile 839 


PlOB 

|pT.  13.    The  Mikejui.  Ooxbtxtxixktb  or  Nodmal  Bxle 341 

14.    Tm  Gahbs  or  nre  Bn.K 343 

SCVUABT    or    THK    QCANTITATIVK    CuMPOSITION    OF    TB£    BlLK    IM    MiJi 

AND   CEBTAIN    or   TBE    LoWBIi   AmIUAIS 344 

Hnman  Bile 844 

Bile  of  the  Dog 346 

Bile  of  certain  other  animdii 347 


CHAPTER  V. 


CT.   1. 


THE   BILE    (cQittifuud). 


BscAPiruLAnoir  or  thb  Facts  BsukTUfo  to  the  Oiuani  of  thb  Spbcitic 

COHBTlTUEiTTS   Or  TUK   BitB 348 


WS  MODE  OF  PRODUCTION  AND  THE  PHENOMENA  OF  ICTERUS  OB 
JAUNDICE,  ICTEBOGENIC  POISONOUS  AGENTS.  THE  MODIFICA- 
TIONS IN  CHEMICAL  COMPOSITION  WHICH  THE  BILE  EXHIBITS 
IN  DISEASE.  THE  INFLUENCE  OF  DRUGS  ON  THE  SECRETION  OF 
BILE— CHOLAGOGUES.  THE  ELIMINATION  OF  MEDICINAL  AND 
POISONOUS   AGENTS  BY   THE   BILE. 


Disccasiox  or  tub  Question  wbxthkb  the  Bile  is  to  be  coNBU>EBBr 
A  DiozsTivB  Srcretiom.     Tqe  Action  or  the  Bile  on  CaubO' 

RYDRATr.8,    PflOTElDa  AND    FaTB 351 

The  AntiBepttti  and  Laxative  Actions  of  the  Bile        ....      d61> 


CHAPTER  VL 


TuE  Mode  or  Pboddction  and  the   Phbmoukna    of    Ictebum   oh 

JaDMDICB.       IctREOORXIC   PoiAONOfB    AOBNTS  ....  369 

Does  a  Hfpiuatogenio,  as  JiHtin^uiuhed  from  a  Hepatogenic,  Jaundice 

exist  ?     Icterogenic  Pniftonoiu  AgentB 362 

Doea  a  *UrohUia  Jaandioe' exist?       . 366 

ThK    MODiriCATIONS    Dt     ChEUTCAL     COUPOSITIOM     WHICH     THE     BlLK 

EXHIBITS   IN    DlBEAfiB 366 

The  secretion   of  the  Oall-Bladder  in  BO-called  Hydrops  Cystidis 

Felleifi 36U 

Thb  Intluence  or  Drcgs  or  the  Secbstion  or  Bile.     Cholaoooceb  870 

The  Euuisatiom  or  Medicinal  and  Poisoxous  Aoemts  in  the  Bile  874 

Passft^  of  Pathogenic  Micro- Organ  isms  into  the  Bile  876 


XVI  CONTENTS. 

CHAPTER  VII. 

THE  FOBM,  STHITCXT7BE  AND  CHEUICAL  COMPOSITION  OF  BILIABT 
CALCULI.  CHOLELITHIABIS  AND  THE  THEOBIES  ADVANCED  TO 
EXPLAIN  IT. 

Mat 

Sbct.  1.      Thb  Fbsqusmot  or  OconBKSKca,  thx  Fobm,  thx  Cussziigaxioh 

uxD  8TB0CTUBX  OF  Oall-stomxb 877 

Skct.  3.  Erchxs&tiok  of  thx  CossriTUXifTs  as  tst  fouhd  tx  GAUr^BToiraa. 
Thk  Pxokxhtb  which  abb  omlt  F0I7MD  IN  Qali.*stokbs  (Bilx- 
Fusonn  AND  Bilxhttmxm) •      SU 

Sbct.  3.      Thb  Mods  or  Fobmation  of  Gall-btobbs 888 

Sbct.  4.      REsuLTa  of  Quaktitatite  ABALTfixs  of  thb  Chzbf  Vabibtxbs  op 

BiLiABY  Calculi 889 


CHAPTER  VIII. 

UETHODS  FOB   THE  ANALYSIS   OF  THE  BILE  AND  BIUABT  CALCULL 

Sbct.  1.      Examikatiom  of  thx  Buje  fob  Albuhim,  Ozthxhoolobin  and  m 

Dbbitativbs,  Sooab,  Ubba,  Lbuoinb  abd  Ttbosimb  ...      891 

Sbct.  2.      Quabtitatitb    Dstbbmination    of    thb    Spbcific    Gbatitt,   Total 
Solids,   Salts,    Mucoid    Nuolbo-albuhzn,   Bilx  Aoidb,  Fats, 

SOAPB,    ChOLBSTXBIH,    LbCITHIH   and   BiLB-OOLOUBINO  liATTBBS     .         891 

Sect.  8.      The  Mbthods  of  Amaltbino  Gall-stones 896 


CHAPTER  IX. 

THE  INTESTINAL  CANAL  AND  ITS  SECRETION.    THE  XNTESTINAL  JUICE 
OR  SUCCU8  ENTERICUS. 

Sect.  1.      Intboductobt  Obbebvations  on  the  Stbuctobb  of  the  Intbstihal 

Tdbe    ...  897 

The  Small  Intestine 897 

Sect.  2.      The  Retcfobh  ob  Rbticulab  (Adenoid)  Connective  Tissue  of  trx 

Intestinal  Mucous  Mehbbanb 401 

BeticoUn 408 

Sect.  3.      The  Intestinal  Juice  ob  Succus  Entebicus 4M 

The  Methods  of  obtaining  Intestinal  Joioe 4N 

The  Secretion  of  Intestinal  Juice  and  the  Conditions  whieh  la* 
fluence  it 

Sect.  4.      The  Physical  and  Ghexical  Ohabactebs  of  the  Iktestoul 
The  Enzymes  of  the  Intestinal  Juice 


CONTENTS.  XVU 


CHAPTER  X. 

THE  CHEMICAL  PROCESSES  WHICH  HAVE  TBEIR  SEAT  IN  THE  IN- 
TESTINES AND  WHICH  ARE  THE  RESULTS  OP  THE  ACTIVITIES 
OF  MICEO-ORGANISHS.    THE  PRODUCTS  OF  THESE  PROCESSES. 

PAOS 

Introductory  RemarkB 418 

3soT.  L      Thb   Dsooxpobition  or  the  Pbotkidb  vndbb  tbx  Ikfldxmcs  or 

Bactcbul  Aotxoh 419 

1.  Indol 421 

2.  Skatd 424 

8.     a-Skatoloarbonio  Acid 426 

Derivativefl  of  Tyrosine  found  in  the  Prodnota  of  the  Bacterial  De- 
composition of  Proteids 428 

Hydroparacomario  Acid 429 

Para-oxyphenyl-acetic  Acid 480 

Phenyl-aoetic  and  Phenyl-propionic  Acids 480 

Phenaoeturio  acid 432 

Phenok  resulting  from  the  Pntre&ctive  Deoon^poeiticm  of  Tyrosine. 

Parakresol.    Phenol 482 

Non-occurrence  of  Ptomaines  as  Prodacts  of  Nomubl  Intestinal  De- 

composition 435 

Sect.  2.      Thk  DRCoupostnoN  or  the  Cabbo-htubatbs  ik  the  Siull  Imtxbtine 

UHDEB  THE   iNrLUENCB  OF    BaCTBBIAL  ACTXOS         ....  486 

Sect.  3.      Thb  Decohposition  or  the  Fats  in  the  Small  Ihtebtibe  unobb 

THE   iNrLUENCE   Or  BaCTEBXAL  ACTION 438 

Sect.  4.      The  Gases  or  the  Small  Imtbstxnb 488 


CHAPTER  XI. 

BRIEF  SURVEY  OF  THE  PROCESSES  OCCURRING  IN  THE  SMALL 
INTESTINE  IN  RELATION  ONE  TO  THE  OTHER.  THE  DESTRUCTION 
OF   THE  DIGESTIVE   ENZYMES, 

Newly-discovered  Facts  tending  to  prove  that  none  of  the  water 

ingested  is  absorbed  by  the  stomach,  bat  passes  into  the  intestine      439 

Recapitulation  of  the  Chemical  Processes  occurring  in  the  Small 

Intestine 448 


XVUl  CONTENTS. 


CHAPTER  XII. 

THE  LABaB  INTESTINE  AND  THE  PROCESSES  WHICH  HAVK  TRBIB 
SEAT  IN  IT.  THE  FACES  IN  HEALTH  AND  DISEASE.  THE  IN- 
TESTINAL  GASES.     INTESTINAL  CONCRETIONS. 

nn 

Sbct.  1.    Pbbldcinaby  Obsbbtatiomb  on  thk  AiiBAXOBimrr  jlrd  Stbuotuue  or 

TBS  LaBOK  iKTCffniTB 44B 

Sbct.  3.      Thb  Chaiuctxbs  of  tbe  Intbbtinai.  Contents  ab  tbxt  »abi  iboh 

TRB  lumvu  INTO  thb  Labob  Intbstinb 40 

Scot.  S.      Tbb  final  Diobbtitb  PBocBseBs  in  thb  Labob  Intmtimb.  *    lis 

PowBBS  OF  Abbobption 4(1 

Sect.  4.      Tbb  Hxcbo-Oboanisbs  of  tbb  Colon  and  tbbib  Pboduots.    Thb 

CONTBBSION  of  TBB  C0NTBNT8  OF  TBB   COLON   INTO  FjBOBB  .  .        iSt 

Sbot.  5.      Tbk  Faces  in  Hbaltb 46t 

The  Meooniom 461 

Sect.  6.      Tbe  Faces  xn  Disease .  4tt 

Sbct.  7.      Tbb  Oabbb  of  thb  Labob  Intestine 46t 

Sect.  8.      Intbstinal  Concbetions •        .        .  46T 


CHAPTER  XIII. 

CONCERNING  THE  MODIFICATIONS  OBSERVED  IN  THE  CHEMICAL 
PROCESSES  OF  DIGESTION  IN  SOME  DIVISIONS  OF  THE  ANIMAL 
KINGDOM. 


Sect.  1.  Intba-Cbllulab  Diobbtiom  in  the  Loweb  Intkbtebbata 

Sbct.  2.  Thb  Function  of  tbb  so-called  '  Liveb  '  of  Mollcbca 

Sbct.  8.  Soke  Pkccliabitxbs  of  tbb  Dioestitb  Pbooebs  in  Fishes 

Sect.  4.  Soke  Peculiabitieb  of  tbe  Dioestion  of  Bibdb 

Sbct.  5.  Dioestion  in  tbb  Hebbxtoba 


40a 

472 
47J 
47& 
47& 


APPENDIX. 


I. 


NeumeUter's  Views  oonoeming  the  AlbnmoseB,  and  their  relationB  to  the  Albu- 
minous Molecules  on  the  one  hand,  and  to  Peptones  on  the  other         •        •      48ft 
(Sapplementary  to  pages  131  and  132.) 

n. 


On  the  separation  of  Proto-  from  Deatero-Albomose    . 

(Supplementary  to  pages  125  and  129.) 


^^^V^                                             CONTENTS.        ^^^^^^^^^ 

xiz 

^m                                         m. 

■ 

FAOK 

On  the  DifiFuiiibility  of  AlbumoKCfl  and  PepioneH 

48» 

(Sapplementary  to  pages  135  and  141.) 

IV. 

Kiihne'a  New  Method  of  separating  Albomoses  ttom  Peptonen,  and   for  the 

Preparation  of  the  latter 

490 

1                                             (Supplcnientar>*  to  pages  136  and  137.) 

^Notes  and  Additions  on  the  Nature  of  the  Aoids  of  the  Oaatric  Juice  and  Gastric 

Contents 

495 

(Supplementary  to  pages  92 — 95  and  179.) 

1.     On  the  Colour  Roactionti  which  may  be  employed  in  the  investigation  of  the 

Acids  of  the  Gastric  Juice  and  (lastric  Contents 

495 

2.     On   the   systematic  use  of  certain  Colour  Reactions  in  determining  the 

1              presence  of  Mineral  and  Organic  Acids  in  the  Contents  of  the  Stomach, 

1              and  on  tlie  Quantitative  Estimation  of  the  'Total  Acidity,'  and  of  the 

1              *  Acidity  *  due  to  Free  Acids  (Martins  and  Liiltke) 

497 

^^m               1.     Determination  of  Reaction.     Is  Hydrochloric  Acid  present?   . 

497 

^^^             2.     (Quantitative  Determination  of  Total  Acidity    ..... 

498 

^^H            8.    Quantitative  Determination  of  Free  Acids 

498 

1      3.    Additional  Methods  of  determining  the  Acids  and  especially  the  Amount 

1              of  HCl  in  the  Gft«tric  Juice 

499 

1                                     (Supplementary  to  pages  06—100  and  178—183.) 

^^L             1.     The  Method  of  Cahn  and  v.  Mering  for  the  determination  of  the 

^^1                     total  Hydrochloric  Aoid,  the  Volatile  Acids,  and  the  T)flrtic  Acid  of 

^^B                     the  Contents  of  the  Stomach           ...          .... 

499 

^^M             2.     The  Method  of  Sjoqvist  modi&ed  by  v.  Jaksch  of  determining  the 

^H                     total  HCl  in  the  Gastric  Contents 

600 

^^M             3.     The  Method  of  Hayem  and  Winter  for  determining  the  free  and 

^^1                     combined  HCl  of  the  Gastric  Contents 

501 

^^M             i,     Luttke's  Method  of  determining  the  total  quantity  of  Hydrodiloric 

^^^^^.             Acid  in  the  Gastric  Contents 

502 

^^^^^H                   (A)     The  Principles  on  which  the  Method  is  based  . 

502 

^^^^^^H                   (B)     The  Standard  Solutions  employed  in  Liittke's  process 

503 

^^^^B                   (C)     The  Actual  Process  of  Analysis 

504 

^P^^^Rkhyl-Mercapton  aa  a  product  of  the  putrefaction  of  Albuminous  Sob- 

r            stances  and  as  a  Gascons  Conctiluenl  of  the  Large  Inlestine 

506 

1                                             (Supplem^tary  to  pages  420,  428,  466.) 

1     Ixoxx   .        .        -                        

507 

CORRIGENDA. 

Page  129,  dz  linee  from  bottom,  for  *lietero-'  read  *deatero-*. 

129,  five  lines  from  bottom,  for  ^hetero-'  read  'deatero-*. 

131,  six  lines  from  bottom,  for  *  hemi-deatero-albomose  *  read  *  anti-deatero- 
albomose.' 

181.  first  line  from  bottom,  for  '  1859 '  read  '  1863.* 

216,  seven  lines  from  top,  for  'vi.'  read  'xx.* 

247,  twenty-nine  lines  from  top,  for  *  Para-ozsrphenjl-a-propionio  add  *  read 
'  Para-oxjphenyl-propionio  add.' 

258,  eight  and  twelve  lines  from  top,  for  <Lohr'  read  *Loew.' 

258,  thirteen  lines  from  top,  for  'Lorsch'  read  'Lossen.* 

S26,  three  lines  from  bottom,  for  ^Monatsch.'  read  '  Monatshefte.' 

364,  in  several  places,  for  '  St&delmann  *  read  '  Stadelmann.' 

471  reference  omitted  to  paper  by  Michael  Foster  *  On  the  existence  of 
Glycogen  in  the  tissues  of  certain  Entozoa.'  Proceedings  of  the  Roj/al 
Society,  VoL  14  (1865),  p.  543. 


BOOK   IL 

THE  PHYSIOLOGICAL  CHEMISTRY  OF  DIGESTION. 
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INTRODUCTORY     REMARKS     ON     THE 
JUICES  GENERALLY. 


ALIMENTARY 


SALIVA  AND   ITS  ACTION   UPON   FOOD. 


Introductorv  Obsekvations. 


Digestion  is  the  process  whereby  the  constituents  of  the  food  are 
rendered  soluble  and  converted  into  bodies  which  are  capable  of 
absorption.  These  constituents  are  iu  part  mineral,  and  of  those 
the  chief  undergo  no  important  chemical  change  prior  to  absorption. 
The  larger  part  consists,  however,  of  complex  carbon  compounds, 
which  are  for  the  most  part  insoluble  in  water  when  ingested,  and 
which,  after  suitable  mechanical  processes  of  division  and  trituration, 
are  subjected  to  the  action  of  certain  digestive  juices  which  dissolve 
them  and  render  them  diffusible. 


Tbe  (Uses- 
tlve  Jaices  tbe 
products  of 
ft«cr«tiii£ 

glBUdfl. 


The  juices  above  referred  to  are  produced  in,  or 
by  the  agency  of,  the  epithelium  cells  lining  the 
interior  of  the  glands  which  are  either  situated  in  the 
walls  of  the  alimentary  canal  or  which  empty  their 
secretion  into  it.  Although  these  cells  derive  the  ma- 
terials necessary  for  their  metabolic  activity  from  the  blood,  the 
substances  which  they  elaborate,  and  which  are  characteristic  of 
the  secretion  which  they  help  to  form,  are  not  found  in  the 
blood,  but  are  the  products  of  the  activity  of  the  protoplasm  of  the 
cells  themselves. 


Enzymes  or 
fermenU  of 


The  charactenstic  constituents  of  the  several  juices 
which  are  specially  concerned  in  the  chemical  changes 
the  lUmentaxy  q(  t-ho  alimentary  canal  are  certain  so-called  'unor- 
**"*^*  ganisi^d'  ferments,  which  we  shall,  following  the  sug- 

gestion of  Kuhue,  denominate  Enzymes.  These  are  capable,  like 
other  ferments,  of  initiating,  under  suitable  cii-curastances,  specific 
changes  in  certain  bodies  with  which  they  are  brought  into  contact, 
changes  which  may  be  incommensurably  great  when  contrasted  with 
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the  magnitude  of  the  mass  of  the  ferment  engaged.  These  specific 
actioas  of  fennents  lead  to  the  breaking  down  of  complex  into 
simpler  molecules,  the  decomposition  bemg  necewarily  aaBodated 
with  the  conversion  of  some  potential  into  kinetic  ener^gy.  which 
nsuaDy  appears  as  heat. 

*  Lm/rgantJfed,'  or  as  they  hare  also  been  called,  *  ynfyrmed^ 
fermetsts  differ,  however,  from  the  ^orpanised' or 'formed'  ferments 
in  that,  whilst  they  are  the  proilucts  of  the  activity  of  living  proto- 
plasm, they  cease,  after  being  formed,  to  have  any  necessary  connec- 
tion with  organised  forms,  and  have  no  power  of  reproduction  or 
increase. 

Certain  enzymes  exert  their  action  unimpaired  in  the  presence  <^ 
certain  bodies  which  act  as  poisons  to  and  kill  the  great  majority  of 
organised  ferments ;  thus  salicylic  acid  and  thymol,  in  not  too  great 
quantity,  do  not  hinder  peptic  and  tryptic  digestion,  but  prevent  the 
putrefactive  changes  which  are  ver}'  apt  to  occur  in  the  latter  case, 
and  which  depend  upon  the  development  of  organised  ferments. 
Certain  enzymes,  however,  a.s  the  diastase  of  malt,  or  as  the  diastatic 
enzymes  of  saliva  and  pancreatic  juice,  are  destroyed  by  salicylic 
acid. 


in  As  will  be  shewn  in  detail  in  the  sequel,  the  secret- 
**"^*^|L^^  ing  cells  of  glands  which  produce  enzymes  exhibit 
tT^^uUttou  ^"^r^''**^  differences  or  variations  which  coirespond  to 
la  tiM  ftme-  different  states  of  activity.  In  the  case  of  the  secreting 
taoaal  activitr  cells  of  the  pancreas,  as  was  discovered  by  Heiden- 
oforguw.  hain,  the  cells  appear  to  produce  and  store  up  for  a 

time  a  Wly,  a  s^>-called  'zymogen*  from  which  an  enzyme  called 
'  f-^yf»iif' '  is  s'-t  fre*r ;  Himilarly,  as  the  researches  of  Ebstein  and 
Criitzuer,  l*aiij(ley  and  others  have  shewn,  the  secreting  cells  of 
t.h(!  gantrio  glands  produce  in  the  first  instance  an  antecedent 
of  \m\mu  wiiiclj  we  may  term  'jyejysittogen.'  There  is  further 
it'tf^tit  to  heliev<;  that  the  reniiet-fennent  has  a  corresponding 
7.yu%h*^izu.  Tli't  proj^ess  of  research  will  probably  reveal  the  ex- 
'uifWM  nf  zi/mo/jetiH  in  relation  to  other  animal  enzymes. 

latrmMor  IJHually  the  glandular  organs  which  produce  the 

^'**''^'"il^  digcHtive  juices  contain  stored  up  within  them  during 

irr4Mflt  in  tiM  *'^**'  f"-ri*'d«  'fJ  which  they  are  actively  secreting  their 

Mcr«tiii«  f'hanurteriMtic  enzymes  or  their  zymogens ;   these  may 

MtruoiorM  \t*%  <'xtnict*;d  by  digesting   the  comminuted  organ  in 

irtoub  term  wftt*;r,  weak  spirit,  chioroform-water  or  still  better  in 

ftM  «urMt«d  Kly'-«;rin,  wliich  disw^lvf;s  them  nearly  all,  and  furnishes 

iiwr«frmn,  Holiitions  whirrh  prescjrve  their  activity  long  unimpaired\ 

'  In  tft^rnuw  Ut  i\u*.  ffoluhility  of  imzyimm  and  zyinogen»  in  glycerin,  Mr  Langley 
liM  fiirniHlMMl  irm  with  thn  folIowiuK  notii ; — *I  do  not  think  it  proved  that  ferments  or 
/,viiifif(i*iiN  mf  NoliiM'i  in  jmrf  Mtruny  glyofirin.  If  they  are  ftoluble  it  is  extremely 
kl'mly.  If  thn  iiiMi|)hnMiiN  of  u  pig  b»  dhod  and  put  in  pure  glycerin,  in  a  well- 
HUi|f]Hirifl  Imltlii,  it  do4»H  not  k^vu  one-Hixtieth  of  its  ferment  (counting  zymogen  as 
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Enzymes  are  all  insoluble  in  strong  alcohol,  so  that  the  tissues 
from  which  they  are  to  be  extracted,  having  by  mechanical  means 
been  reduced  to  as  fine  a  state  of  division  as  possible,  may  be  first  de- 
hydrated by  placing  them  in  absolute  alcohol,  and  afterwards  ex- 
tracted with  glycerin  or  other  suitable  solveat.  The  treatment  with 
alcohol  has  for  its  object  the  rendering  insoluble  of  proteids  which 
would  otherwise  dissolve  in  the  liquid  employed  for  the  extraction  of 
the  ferment  and  thus  furnish  a  less  pure  solution. 

Solutions  of  enzymes  are,  for  the  most  part,  rendered  instantane- 
ously inactive  by  boiling;  exposure  to  a  temperature  of  70^  C.  also 
destroys  their  activity,  though  less  rapidly,  and  prolonged  heating  at 
lower  temperatures  exerts  the  same  effect,  though  the  lower  limit, 
which  doubtless  varies  in  the  case  of  the  different  enzymes,  has  not 
yet  been  ascertained. 

It  has  already  been  stated  that  under  the  influence 
of  enzymes,  the  complex  organic  bodies  which  are 
susceptible  to  their  action  are  decomposed,  complex 
breaking  up  into  simpler  molecules.  These  ferments 
appear  to  possess  the  power  of  rapidly  iuJucing,  at  the  temperature 
of  the  animal  body,  chemical  changes  in  bodies  subjected  to  them 
which  are  similar  in  character  to  those  which  are  brought  about  with 
great  slowness  by  prolonged  heating  with  dilute  mineral  acids,  or  by 
the  prolonged  action  of  boiling  water  or  of  superheated  steam. 
These  operations  are  of  the  nature  of  '  hydrolytic '  decompositions, 
that  is  to  say,  such  as  are  connected  with  the  imion  of  the  elements 
of  water  with  the  body  undergoing  decomposition  (see  Vol  I.  p.  19). 

A  complete  treatment  of  the  theory  of  ferment  action,  or  rather  an 
account  of  the  views  which  have  b^en  held  at  various  times  in  regard  to 
the  action  of  ferments,  though  of  great  interest  to  the  student  of  scientific 
hifitory,  would  require  too  lengthy  a  discussion.  The  subject  ia  one^ 
however,  which  cannot  be  passed  over  without  some  remarks. 

The  modem  scientific  history  of  ferments  and  their  actions  commences 
with  the  researches  of  Payen  and  Persoz'  on  Diastase,  and  those  of 
Coguiard-Latour^  and  afterwanls  of  Theodor  Schwaun*\  on  Alcoholic 
Fermentation. 

Three  principal  hypotheses  have  been  propounded  to  account  for 
ferment  action : — of  these  tlie  two  first  are  still  appealed  to,  to  explain 

ferment)  after  a  we«k.  When  a  tineae  has  been  ground  it  is  impossible  to  separate  the 
particles  from  the  glycerin,  and  the  particles  of  the  ponoreas  pass  readily  through  the 
finest  filter  paper.  In  most  casea  the  Klycenn  extract  has  been  pimply  ntrained 
through  Linen :  sometimes  at  has  been  Altered,  but  then  it  is  doubtful  whether  euffloient 
care  has  been  taken  to  preveut  the  dilution  of  the  glyct;rin  ;  ia  dilute  glycerin  it  is 
probably  the  water  (or  dilute  Bait  solution)  which  la  the  solvent.' 

*  Fayen  et  Persoz,  '  M^moira  sur  la  Diastase,' .inna/c«  (ie  Chimie  et  de  Phytiijuf, 
Vol.  63  (1833),  p.  73. 

*  Cagniard-Latour,  *  M^moire  eur  la  Fermentation  Vineuse,  pr^sent^  &  PAcadfimie 
le  13  Juin.  1837,'  Annal^t  d^  Chimie  tt  d*  Physique,  Tome  68  (1838).  pp.  206—221. 

*  Schwann,  *  Vorliiulige  Mitiheilung  betreffeod  Vensnehe  uber  die  Weingiihrung  und 
Panlniss,'  Poggendorfl 'a  AnnaUn,  Vol.  41  (IBB?),  pp.  184—193.  Befer  also  to  hia 
*Uicroeoopic  Kesearobea,  Sic'  Sydenfuxm  Society y  1647,  p.  ItiO. 
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the  actions   of  unformed,  whilat  the  third  has  excltuively  reference  to 

formed  ferments. 

1.     The  contact  or  'catftlytic'  theory  of  Berzelhis. 

3.     The  modific&tion  of  the  catalytic  theory  formulated  by  Liebig, 

3.     The  physiological  theory,  which  now  holds  undivided  away  ai 

which  owes  its  commanding  position  to  the  splendid  researches  of  Pasteur 

This  theory  considers  every  ferment  process  to  be  the  resultant  of  the 

activities  of  a  definite  organism. 
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Th*  thMrv  of  There  are  certain  chemical  reactions  which  occur  between 

*  OatalnU '  of     ^^"^    bodies,    in    which    the   presence   of  a  tltird   exerts  a 
llfCTgUm  reninrkable  influence,  without  the  third  body  appeimng  on 

super6cial  examiiuitiou  to  be  modified  by  the  process  whicii 
it  has  hel]}ed  to  bring  al>out.  When,  for  instAnce,  mixtures  of  hydrogen 
and  oxygen  find  themselves  in  the  presence  of  finely  divided  platinum,  the 
two  gases  combine,  under  certain  circumstances,  with  explosive  violence. 
Again,  when  platinum  black  is  brought  into  contact  with  the  vapour  of 
alcohol,  the  latter  is  oxidised  and  acetic  acid  is  formed.  To  cite  a  t 
case,  when  peroxide  of  hydrogen,  H^O,,  is  treated  with  platinum  b! 
that  very  unstable  comiwund  breaks  up  into  water  and  oxygen,  it  be: 
obvious  that  in  this  case  two  molecules,  at  leant,  of  the  peroxide  must 
concerned,  its  results  being  the  formation  of  two  molecules  of  water  and  a 
molecule  of  oxygen.  As  was  discovered  long  ago,  not  only  is  this  remark- 
able reaction  brought  about  by  platinum  and  certain  other  inorganic 
botlies,  but  uJao  by  certain  organic  substances.  A  slxred  of  fibrin,  for 
instance,  or  a  dro[»  of  blood,  or  of  a  solution  of  hwmoglobin  will  suffice 
to  decom])ose  a  large  quantity  of  a  solution  of  hydrogen  peroxide,  which  t 
thrown  into  effervesce  nee  and  rises  in  temperature. 

Berzelius  was  the  first  to  bring  together,  and  draw  attention  to,  th 
remarkable   phenomena,  which    he   distinguished   as   *  catalytic'  and 
plained  as  due  to  the  action  of  a  liitherto  iinrecogniaed  force,  to  whioli 
ascribt'd  the  term  *  catalytic  force'.* 

*  It  lA  then  proved,'  he  remaiked,  *  that  several  simple  and  compon: 
soluble  and  insoluble,  l)odiea,  are  capable  of  exerting  ui>on  certain  other 
liodies  an  a<:tion  which  is  very  different  from  that  of  chemical  affinity. 
Hy  this  agency  they  are  the  means  of  producing  in  those  bodies  decomposi- 
tion of  their  elements,  and  8ubse<(nent  rearrangements  of  the  same  wi 
they  themselves  taking  a  part  in  them. 

*ThiH  new  force,  which  has  hitherto  been  unrecognised,  is  o^mmon 
organic  ixnd  inorgimiu  nature.      I  shall,  therefore,  call  this  force  cataiyi 
force.     I  shall,  Himilarly,  call  catnh/gis  the  decomposition  of  bodies  through 
the  agency  of  this  force,' 

Amnngst  thn  most  nbviouR  exaniplt^a  of  catalytic  phenomena,  Berzelius 
classed  the  actions  of  ferments,  both  formed  and  unformed.  In  criticising 
the  theory  of  Berzelius  wo  uiust  appreciate  that  its  essence  consisted  in 
the  h;i>otlie8is  that  the  catalysing  agent  remained  absolutely  passive, 
whilst    no   uttempt   wns  ma<Ju  to  shew  in  whut  manner  this  remarkabU* 


>  D«rxoliuR.  '  QuolquoN  \<i6ea  mir  uno  nouvolle  force  sgUsant  dans  In  oombi 
des  eorpi  orftkniquoi.'     {Aimatn  Ur  C'/iimiV  w  li.-  VhuuiqHr^  Tome  01  (1838),  pp 
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LIEBIOS  VIEWS  OP  'CATALYSIS. 


contact  action  of  the  catalysing  body  operated.  In  the  case  of  the  most 
striking  catalytic  actions  to  which  Berzelius  drew  attention,  the  progress 
of  refiearch  has  utterly  disproved  the  i)a8&ivt>  part  of  the  catalysing  agent. 
The  occlusion  of  gases  by  metals,  for  instance,  is  a  pi-oceas  in  which  un- 
stable molecular  com{>ounda  are  formed,  and  it  plays,  no  doubt,  a  most 
important  part  in  the  cases  where  finely  divided  metals  bring  about  the 
combinatiou  of  gases.  In  these  cases  easily  dissociated  compounds  ai'e 
doubtless  formed,  and  both  the  heat  generated  at  the  time  of  combination 
and  the  ease  with  which  the  newly-formed  compound  splits  up  with 
variations  in  temperature  furnish  the  conditions  which  are  necessary  for 
the  so-^led  catalytic  processes. 

There  are  obviously  a  variety  of  types  of  so-called  catalytic  proceaaea. 
Essentially  they  are  all  processes  in  which  are  concerned,  as  the  principal 
factors,  bodies  of  which  the  couBtituent  atoms  and  molecules  are  in  a  state 
of  virtually  tmstable  equilibrium.  An  appareiiily  insignificant  variation 
in  the  conditions  under  which  they  exist  is  sufficient  to  lead  to  a  rearrange- 
ment of  the  molecules  of  which  they  are  composed  and  to  chemical  trans- 
fojinations  of  the  most  striking  characters,  often  associated  with  transfor- 
mations of  ener^  which  are  even  more  startling.  To  conclude,  however, 
that  the  catalytic  agent,  which  has  furnished  the  energy  which  has  as  it 
were  exploded  the  mine,  remains  actually  passive,  is  to  embrace  a  hy]x>- 
thesis  which  is  opposed  to  all  analogy. 

The  conception  of  a  catalytic  force  absolutely  indefinite  in  nature,  and 
displayed  by  a  body  whose  function  is  active  but  whose  transformations 
are  none,  is,  as  suggested  by  Hilfner',  nearly  akin  to  the  adoption  of  the 
conception  of  a  vital  force  to  explain  oljscnre  phenomena  beyond  the 
reach  of  actual  knowledge.  The  dcx:tnne  of  catalysis  embodied,  however, 
(X>nceptions  which  are  opposed  to  great  and  immutable  principles.  The 
true  and,  as  it  api^eai's  to  the  author,  the  really  philosophical  conception  of 
the  jirocesses  of  catalysis  was  admirably  set  forth  by  the  great  J.  K.  Mayer. 

*We  call  a  force  catalytic,'  says  the  philosopher  of  Heilbron,  *when 
it  holds  no  commeusunible  propoition  to  the  assumed  results  of  its  action. 

An  avalanche  is  hurled  into  the  valley a  puff  of  wind  or  the  fluttering 

of  a  binl's  wings  is  tlie  catalytic  force  which  has  given  the  signal  for, 
and  which  is  the  cause  of,  the  wideepreail  disaster".' 

The  tlieory  of  catalysis  of  Berzelius  possessed  the  sole  merit  of  calling 
attention  to  a  previously  unstudied  group  of  phenomena,  which  however 
it  attempted  to  explain  in  a  manner  which  did  not  tend  to  throw  any 
light  ujK>n  them. 

Liebig"  modified  the  Berzelian  theory,  especially  in 
reference  to  the  ferments,  by  supposing  that  a  ferment  is 
invariably  a  body  in  a  state  analogous  to,  if  not  identiesl 
with,  decomix>8ition,  and  that  in  virtue  of  the  changes  which 
it  is  itself  undergoing  it  is  able  to  bring  about  changes 


Ll«bl^B  mo- 
dification of 
tlie   theory   of 
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1  Hilfner,  'Zur  Lehre  von  den  katalytischen  Wirknogen.  Erste  Abtheilnng,  I, 
Ueber  die  geschichtliche  Entwickelung  des  Begrifis.*  Journal/,  prakt,  Ch<mie,  Vol.  10, 
1874.  p.  148. 

•  J.  B,  Mayer,  Methanik  der  U'iirme^  1867,  p.  91,  qaoted  by  HUfner.  The  author 
has  been  unable  to  verify  tbia  roferenco. 

>  Laebig,  J.  v.  * Rechtfertigung  der  Contflct-Theorie.'  AunaUn,  Vol.  86,  (1840).  pp. 
101 — 171.    lb.  *  L*«ber  die  Oiihrung  uud  die  Quelle  der  Muskeikraft.' 
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in  the  bodica  subjected  to  its  action.  Accordliig  to  him,  then,  the  body 
tmdergoing  fermentation  is,  in  a  sense,  inductively  acted  U})On  by  the 
ferment,  but  the  influence  of  the  Utter  ia  a  foituitoui)  one.  Liebig  believed 
the  ferments  to  be  essentially  albuminous  bodies,  which  acquire  their  fer- 
ment activities  in  virtue  of  their  proneness  to  decomposition,  which  is 
so  great  a  characteristic  of  these  bwlies  in  the  presence  of  moisture  and 
a  suitable  temperature.  By  this  hypothesis,  Liebig  soiight  to  explain  the 
action  of  the  formed,  as  well  as  of  the  unformed  ferments,  believing  that 
the  processes  of  life  which  are  characteristic  of  the  former  led  to  the  pro- 
duction of  the  very  unstable  substances,  who»e  further  putrefactive  decom- 
position he  held  to  constitute  the  first  stage  of  any  process  of  fermentation. 

There  was,  it  will  be  i-emarked,  a  belief  in  the  accidental,  the  for- 
tuitous, nature  of  ferment  actions  which  inspired  this  theory  of  Liebig*s. 
It  partook  of  the  spirit  which  pervaded  theories  of  generation  before  the 
days  of  Redi  and  Spallanzani.  In  a  sense  the  view  of  Liebig  appears 
even  more  irrational  than  that  of  Berselius,  for  it  assumes  a  fortuitous 
behaviour  on  the  part  of  bodies  whose  constancy  of  behaviour  under 
given  conditions  is  a  leading  characteristic.  Though  advanced  by  one 
whose  extraordinary  services  in  the  development  of  modern  chemistry 
cannot  be  gainsaid,  the  theory  of  Liebig  was  in  opposition  to  a  gi'eat 
number  of  facts  already  ascertained  at  the  time  when  it  was  promulgated, 
and  the  erroneous  statements  ujmn  which  it  was  based  tended  more  to  delay 
than  to  further  the  progress  of  science. 

Whilst  the  splendid  researches  of  Pasteur'  at  once  shewed  how  far 
removed  are  processes  of  fennentation  from  the  category  of  fortuitous 
events,  and  that  every  true  ferment  action  which  is  in  any  way  connected 
with  the  changes  of  a  U%4ng  organism  is  to  be  looked  upon  as  the  resultant 
of  the  chemical  activities  of  that  organism,  others  were  proving  the 
groundlessness  of  other  of  liebig's  argtiments.  In  a  masterly  memoir', 
Dumas,  inter  «/»«,  dealt  with  the  physical  theory  which  lay  at  the  very 
foundation  of  Liebig*s  theory,  to  wit,  the  ]X)S8ibility  of  transmitting  the 
state  of  activity  engendered  by  specific  ferments  through  media  which 
are  not  pervaded  by  them.  Research  soon  followed  research,  which  shewed 
that  whilst  it  is  dithcult  to  free  the  unformed  ferments  from  the  proteid 
bodies  which  constitute  the  ground  matter  of  the  cell  protoplasm  in  which 
they  are  formed,  there  are  but  slender  grounds  for  coming  to  the  con- 
clusion that  a  ferment  is  essentially  a  proteid,  much  less  a  proteid  iu  a 
state  of  decomposition. 

Have  tlieu  the  more  accurate  and  correct  views  of  catalytic  phenomeua 
to  which  the  progress  of  science  has  introduced  us  enabled  us  to  form 
any  conception  as  to  the  way  in  which  an  unformed  ferment  may  exert 
its  action]  To  this  question  we  may  reply  that  amongst  the  phenomena 
which  used  formerly  to  be  explained  on  the  mere  hypothesis  of  '  catalysis,* 
there  are  some  which  are  suggestive  of  the  kind  of  interchanges  which 
probably  go  on  between  the  above  ferments  and  the  bodies  of  which  they 
effect  the  decom]>o&ition. 

'  Fasteur.  The  student  ^11  find  it  most  conveniant  to  read  the  summary  of  the 
very  DumerouB  researches  In  this  department  of  knowledge  of  this  great  sdcntific  man 
in  his  work  entitled  '  Ktudt*  nir  la  iiiire.'     Paris,  Uaiithier-ViUan,  1876. 

3  Dumas,  *  Recherohes  sur  la  fennentatton  alooolique.*  ComptM  Rendut  in  »^ance$ 
dt  VAcadimic  det  Scitneti,  T.  75,  1872,  p.  276. 
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It  appears  almoet  certain  that  amongst  catalytic  pheuomena,  employing 
the  term  io  the  sense  in  which  J.  R.  Mayer  employed  it»  ferment  pfaeno- 
zuena  resemble  thoee  in  which  there  is  apparently  a  periodic  synthesis  and 
j  disK)ciAtion  of  the  catalysing  agent,  which  acta  in  a  similar  manner  to  the 
absent  which  explodes  a  train  of  gunpowder.  Amongst  chemical  phenomena 
in  which  one  hody  acts  apparently  as  a  go-between,  and  leads  to  an  almost 
indeHnite  series  of  exclwnges  of  matter  and  euerg}%  two  at  once  suggest 
thetnselres  to  the  mind  of  the  thinker  as  jiffording  a  cine  to  the  probable - 
action  of  ferments,  to  wit:  (1)  the  function  of  hiemoglobLn  as  an  oxygen 
carrier,  as  a  go-between  the  atmospheric  oxygen,  on  the  ono  hand,  and 
the  organic  molecules  which  are  oxidised  by  it  in  the  organism,  on  the 
other,  and  (2)  the  function  of  sulphovinic  acid  in  the  process  of  tetheri- 
fication.  In  the  latter  case,  however,  the  results  of  the  process  are  the 
reverse  of  those  which  follow  the  normal  action  of  ferments,  in  so  far  that 
whilst  the  latter  as  their  primary  function  leiid  to  the  decomposition  of 
complex  into  simpler  compounds,  the  action  of  sulphovinic  acid  leads  to  the 
synthesis  of  a  more  complex  out  of  simpler  moleculea,  to  a  conversion  of 
kinetic  into  j>otential  enei-gy. 


EzLZTines 
diffbr  In  their 
uuoni. 


The  principal  enzymes  of  the  alimentary  canal 
belong  either  to  the  group  of  '  proteolytic/  or  to  that  of 
'  amylolytic  '  ferments.  The  enzymes  of  the  fii-st  group 
(pepsin  and  trypsin),  dissolve  proteids  and  effect  their  more  or  less 
profound  decomposition.  The  enzymes  of  the  second  class  (as  the  bo- 
called  *  ptyalia,'  the  diastatic  enzyme  of  the  salivary  glands,  and  the 
powerful  diastatic  enzyme  of  the  pancreas)  li(juify  boiled,  gelatinous 
starch,  breaking  down  the  complex  starch  molecule  into  molecules  of' 
greater  and  greater  simplicity,  of  which  the  final  representatives  are 
a  dextrin,  maltose  and  dextroj^e. 

In  addition  to  the  two  groups  of  ferments  referred  to  above,  there 
^Mur  in  the  alimentary  canal  '  curdling,*  *  inverting,'  and  '  fat-decom- 
^Hing '  or  *  piolytic '  ferments.  These  enzymes  will  be  considered 
nn  detail  in  the  sequel. 

i.  Temperature,  All  enzymes  exert  a  more  ener- 
getic action  at  a  moderately  high  than  at  a  low  tempe- 
rature, though  the  influence  of  a  rise  in  temperature  is 
more  marked  in  some  cases  than  in  others,  ii.  Reacbioiu 
The  reaction  of  the  medium  in  which  they  are  placed, 
intiuencefi  remarkably  the  activity  of  certain  enzymes ;  thus  the 
proteolytic  enzyme  of  the  stomach,  pepsin,  is  inactive  in  neutral  or 
alkaline  solutions,  the  presence  of  a  free  acid  being  essential  to  its 
activity;  whilst  the  proteolytic  ferment  of  the  pancreas,  trypsin,  acts 
with  feebleness  in  solutions  which  are  neutral  or  feebly  acid  and  needs 
a  decidedly  alkaline  medium  for  the  full  exercise  of  its  powers,  iii. 
Presence  ox  absence  of  excess  of  certain  salts.  The  influence  exerted 
by  salts  upon  certain  reactions  induced  by  ferments  is  illustrated, 
(a)  by  the  impossibility  of  inducing  the  curdling  of  casein  in  the 
absence  of  calcium  salts.  (6)  by  the  hindering  action  exerted  by 
neutral  salt-s  on  the  coagulation  of  the  blood,  and  of  certain 
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other  salts,  as  for  instance,  potassium  iodide  and  bromide  on  peptic 
digestion. 

From  a  consideration  of  all  the  facts  bearing  on  the 
matter  it  would  appear  that  in  exerting  their  character- 
istic actions  the  various  enzymes  are  in  part  slowly  and 
gradually  destroyed,  so  that  the  activity  of  a  given 
quantity  of  enzyme  cannot  be  prolonged  indefinitely.  In  moat, 
perhaps  in  all,  cases  the  accumulation  of  bodies  which  result  from 
the  ferment  action  slows  and  ultimately  stops  that  action  long  before 
the  enzyme  has  been  exhausted  or  destroyed,  so  that»  by  merely 
removing  the  bodies  so  acting,  activity  is  restored  to  it.  This  re- 
movcJ  can  often  be  etfected  by  the  process  of  dialysis. 


Sect.  1.    Saliva,  a^hd  its  Action  upon  the  Constituents  of 

Food. 

nSTRODUCTORY  SKETCH,   CHIEFLY  COyCERNIKQ   THE 
SALIVARY  OLAyVS. 


Purposes 
sarred  by 
aaUra. 


The  interior  of  the  mouth  is  continually  moistened 
by  a  somewhat  viscous,  tasteless,  watery  liquid,  the 
saliva,  a  product  of  the  activity  of  several  so-called 
mlivanj  glanda;  the  presence  of  tliis  liquid  facilitates  the  movements 
of  the  tongue,  lips  and  cheeks  in  articulation.  TiiougL  essential  to 
proper  articulation,  the  saliva  is,  however,  to  be  looked  upon  as  one 
of  the  digestive  juices,  and  is  poured  out  in  nmch  increased  quantities 
when  food  is  introduced  into  the  mouth. 

It  acta  as  a  solvent  of  many  sapid  substances  introduced  into  the 
mouth,  and  as  the  vehicle  which  brings  them  into  contact  with  the 
end  organs  of  the  nerves  of  taste;  by  moistening  the  food  it  ren- 
ders the  essential  preliminary  act  of  mastication  more  easy;  it  prevents 
the  particles  of  f(K*d  from  adhering  to  the  interior  of  the  mouth,  and 
thus  co-operates  Avith  the  muscular  movements  of  the  lips,  tongue,  and 
cheeks  in  forming  the  crushed  food  into  a  hvlus  which  may  readily 
be  propelled  through  the  pharynx  and  cesophagus;  lastly,  in  man  and 
several  other  animals  it  exerta,  in  virtue  of  the  presence  of  an  emynie, 
which  used  formerly  to  be  termed  ptyalin,  and  which  we  now  usually 
term  the  '  diastatic  '  or  '  amylolytic  '  ferment  of  the  saliva,  a  solvent 
action  upon  the  starchy  constituents  of  food,  and  thus  initiates  the 
chemical  operations  to  which  the  food  is  subjected  in  its  progress 
through  the  alimentary  canal.  The  saliva  exerts,  therefore,  two 
sets  of  functions,  the  mechanical  and  the  chemical,  of  which  the 
first  are  unquestionably  tbe  more  important,  as  is  shewn  by  the  fact 
that  in  many  animals  the  saliva  is  free  from  diastatic  enzyme  and 
therefore  from  any  chemical  activity  whatsoever,  or  contains  it  in 
such  small  quantities  that  they  cannot  be  supposed  to  exert  any 
appreciable  action. 


CHIP.  I.]  STRUCTURE  OF  THE  SALIVARY  GLANDS. 


GENERAL   OBSERVATIONS   CPOX  THE  STRVCTCRE  OF  THE 
SALIVARY  GLANDS    WlfEX  AT  REST 

As  has  been  already  said,  the  saliva  is  secreted  by  several  glands 
of  which  the  ducta  pour  their  secretion  into  the  cavity  of  the  mouth, 
where  it  is  mingled  and  constitutes  the  *mixed  saliva.'  The  chief 
of  these  glands  are  the  parotid,  submaxillary,  and  sublingual  glands, 
though  tneir  secretion  is  mixed  with  that  of  small  glands  (mucous 
and  serviis)  scattered  through  the  mucous  membrane  of  the  mouth 
k^ad  tongue,  aud  which  are  included  under  the  term  of  'buccal* 
BBands.  Many  animals  possess  also  a  fairly  large  orbital  gland,  the 
^dnct  of  which  opens  into  the  mouth. 

Btmotnre  of  The  salivary  glands  all  belong  to  the  group  of 
xh»  uiimy  '  acinous  *  or  *  compound  racemose  *  glands,  although 
***"^-  the  terminal  alveoli  are  in  reality  more  tubular  than 

spherical.  According  to  the  researches  of  Heidenhaiu  they  may, 
however,  be  diWded  into  two  groups,  which  he  has  denominated 
serou^t  or  albuminous,  and  mucous  glands,  according  to  the  structure 
of  the  cells  of  their  acini,  their  chemical  charactera,  and  the  nature 
of  the  secretion  which  they  elaborate. 

The  parotid  gland  is,  in  most,  if  not  in  all,  mammals,  an  albu- 
miuous  gland,  although  a  few  mucous  cells  may  be  present  in  it. 
The  submaxillary  gland  is  in  some  animals  albuminous,  as  in  the 
rabbit:  in  others  mucous,  as  in  the  dog:  in  others,  again,  part 
albuminous  and  part  mucous,  as  in  man.  The  sub-lingual  gland 
consijjta  in  part  of  tubes  with  mucous  cells  and  in  part  of  tubes  with 
albuminous  cells;  on  account  of  the  general  preponderance  of  the 
mucous  element  it  is  classed  with  mucous  glands.  The  orbital  gland 
is  as  a  rule  mucous  or  serous  according  as  the  submaxillary  gland  is 
(QUcous  or  serous.  Glands  belonging  to  the  former  of  these  classes 
secrete  a  fluid  containing  some,  though  it  may  be  only  a  small, 
quantity  of  a  proteid  coagulable  by  heat,  and  resembling,  if  not 
identical  with,  serum-albumin ;  the  mucous  glands,  on  the  other 
hand,  as  their  name  implies,  secrete  a  liquid  relatively  free  from 
albumin  ;  but  containing  mucin  as  its  characteri.stic  constituent. 

In  the  serous  glands  hardened  in  alcohol  the  epithelium  lining 
the  acini  is  composed  of  comparatively  small,  polyg:oual  or  rouuded 
cells,  of  which  the  outlines  are  not  very  distinct  until  acted  upon  by 
certain  reagents  ;  the  protopla^sm,  which  is  but  slowly  coloured  by 
carmine,  presents  many  dark  granules,  aud  the  normally  spherical 
nucleus  ia  often  shrunken  by  the  reagent. 

In  the  mucous  glands  the  characteristic  (mucous)  cells  of  the 
alveoli  are  large  and  clear,  very  faintly  gi-anular,  with  a  rounded  or 
oval  nucleus  near  their  periphery  surrounded  by  a  little  protoplasm. 
Here  too  the  nucleus  may  be  much  shrunken.  The  part  of  the  cell 
near  the  nucleus  is  usually  prolonged  into  a  process  which  overlaps 
the  neighbouring  cell. 
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Ulcrocbe- 
mlc&l  reac- 
tloni  of  the 
uroui  and 
mncoua  cells 


In  addition  to  the  characteristic  mucous  cells  there  are  found  in 
the  alveoli  of  some  mucous  salivary  glands  when  examined  in  a 
state  of  rest,  situated  at  some  parts  of  the  periphery,  i.e.  lying  more 
internal  than,  or  nearer  to,  the  membrana  propria  than  the  mucous 
cells,  small  cells,  possessed  of  a  round  nucleus  usually  aggregated 
together,  and  containing  much  albumin  *,  to  these  aggregations  (tirst 
described  by  Gianuzzi^)  the  terra  demilunes  or  lunutoi  has  been 
applied.  They  may  with  probability  be  regarded  as  albuminous 
cells  wliich  have  been  overlapped  by  the  larger  mucous  cells. 

1.  The  serous  cells  possess  micro-chemical  reactions 
which  indicate  the  presence  within  them  of  proteids; 
to  wit,  the  addition  of  dilute  mineral  acids  (containing 
002  per  cent,  of  acid)  causes  marked  turbidity,  an 
effect  which  is  much  more  strongly  produced  by  the 
same  acids  in  a  concentrated  condition.  Acetic  acid  causes  con- 
siderable swelling  and  a  clearing  up  of  the  cell  contents. 

2.  Mucous  cells  appear  to  be  composed  mainly  of  mucin  or 
mucigen  (?).  Their  substance  is  precipitated  by  acetic  acid,  whilst  it 
is  altogether  unacted  upon  by  strong  mineral  acids. 

3.  According  to  Nuaaltaum*  the  presence  of  amylolytic  ferment 
within  the  secreting  cells  of  the  salivary  glands  is  rendered  evident  by 
the  cells  assuming  a  dark  colour  when  brought  in  contact  with  a  1  per  cent, 
solution  of  oemic  acid.  It  has  however  been  shewn  by  Oriitzner*  that 
the  cells  of  salivary  glauds,  which  form  no  diastatic  femient,  as  for 
instance  tbe  submaxillaiy  gland  of  the  rabbit,  possess  the  property  of 
reducing  osmic  acid.  Langley*  has  shewn  that  if  a  judgment  as  to  the 
cells  which  form  diustatic  feniient  were  based  upon  the  oamic  acid  reaction, 
we  should  be  led  to  the  absurd  conclusion  that  the  ferment  is  chicHy 
formetl  by  the  epitheliaui  lining  the  ducts  and  ductlets  and  the  pai-t  of  the 
alveolus  next  to  the  latter,  whilst  the  alveolar  cells  proper  would  ei^oy  no 
such  function. 

Some  glands  As   has  been  said,  in  certain  raucous  glands  the 

intermediate  mucous  cells  are  supplemented  by  the  cells  of  the  demi- 
in  itructure.  lunes,  though  certain  mucous  glands,  as  those  of  the 
tongue,  exist  where  the  typical  mucous  cells  alone  occur. 

There  are  glauds,  and  tlie  submaxillar}'  of  man  is  an  example, 
which  are  termed  mixed  glands,  inasmuch  as  some  of  the  acini  have 
all  the  characters  of  serous,  others  of  mucous  glands. 


1  Gianuzzi.  Ber.  d.  SOcHm.  Qea.  d,  Wi$$.,  Sitz.  f.  27  Nov.  1867. 

'  Nnsabaum.  *Die  Ferment-bildang  in  den  Drtisen.*  Archiv  /.  microt.  Anat. 
Vol.  xui.  (1876),  p.  721. 

'  Griitzner,  *  Ueber  Bildung  and  Ausacheidong  von  Fermeuten.'  PflQger'a  Archiv, 
Vol.  XVI.  1877,  p.  106. 

*  lAngley,  *  Some  remarks  on  the  formation  of  ferment  in  the  submaxillary  gland 
of  the  rabbit.'    Journal  of  Phynology,  Vol.  i.  (1878).  p.  68. 
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The  Nervous  Supply  of  the  Salivary  Glands, 

We  shall  not  enter,  in  this  place,  into  a  detailed  description  of  the 
innervation  of  any  one  of  the  salivary  glands,  but  shall  confine  our- 
selves to  the  following  categoric  slatementa. 

Each  salivary  gland  is  supplied  by  at  least  three  classes  of  fibres, 
viz.  secretory  fibres,  vaao-constrictor  and  vaso-dilator  fibres,  of  which 
the  first  and  the  third  are  in  general  conveyed  to  the  glands  in 
branches  of  cerebral  nerves  :  these  are.  the  chorda  tympani  for  the 
submaxillary  and  sublingual;  and  the  auriculo-teuiporal  (which  how- 
ever derives  them  through  commuuications  with  the  otic  ganglion) 
for  the  parotid.  The  second  class,  of  vaso-constrictor,  fibres  for  the 
most  part  run  in  sympathetic  trunks,  which,  however,  also  contain 
secretory  fibres. 

Wlien  therefore  one  of  the  cranial  branches  supplying  a  gland  is 
stioiulated,  there  occur  two  acts,  viz.  secretion'  and  simultaneous 
dilatation  of  blood-vessels* ;  that  these  two  acts  are  not  absolutely 
interdependent  is  proved  by  the  fact  that  certain  drugs  such  as 
atropin'  paralyse  the  one  set  of  fibres,  leaving  the  other  intact. 

When,  on  the  other  hand,  the  sympathetic  filaments  supplying 
the  gland  are  stimulated,  the  blood-vessels  of  the  gland  contract,  and 
there  is  produced  a  small  quantity  of  saliva  differing  in  physical 
characters  and  chemical  composition  from  that  obtained  under  the 
drcumstances  first  referred  to. 

Heidennain'i  According  to  Heidenhain*,  however,  in  each  of  the 

duunction  i>»-  two  kinds  of  nerves  supplying  a  salivary  gland  there 
twMn  Mcrt-  exist,  besides  tho  vascular  nerve  fibres,  secretor}'  and 
tory  and  tro-  trophic,  or  as  we  should  prefer  to  term  them,  ^metaholic^ 
ptaic  nerTM.  fibres,  though  the  number  of  one  or  other  of  these  classes 
may  be  insignificant ;  the  secretory  usually  predominating  in  the 
cranial  nerve  branches,  the  trophic  in  the  sympathetic.  Stimulation 
of  secretory  fibres  leads,  according  to  Heidenhain,  to  an  increased  How 
of  water;  stimulation  of  the  metabolic  to  an  increased  secretion  of 
specific  substances,  in  consequence  of  the  conversion  of  insoluble  into 
•oluble  substances,  and  to  an  increased  production  of  protoplasm.    . 

There  are  decided  objections  to  accepting  the  term  trophic  (which  bns 
dready  been  used  in  a  different  and  fairly  well-known  sense)  to  designate 
tboee  nerve  tibres  whose  action  it  is  specially  to  inci-uose  the  metaholiBm 
of  secreting  cells,  and  we  shall  tlierefore  in  general  use  vmt^iboiic  in  the 
uune  sense  as  Heidenhain's  expi-esaion  trophic.  The  term  trt^)hic  has 
been   generally   employed    to   de^signate   the   action  which  certain  nerve 

>  Itodvig,  *  Netie  Vemicbe  tiber  die  Beibiilfe  d«r  Nerren  zor  Speichelabsondenuig.' 
■hr./.  rat.  M/-tliz.,  N.F.  (1851),  p.  259. 
CUude  Beruud,  Comyttn  lirndtu,  28  Jan.  1858. 

*  Kieucbel.  *Du  Atropin  a.  die  Hemmunganerven.'     Dorpat.  186*2. 

*  Hcideohain,  '  Ph78u>li>gi«  der  Absonderun^aTorgiingti.'  Hermann'f!  Handbuch, 
Vol.  T.  p.  55. 
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ceutres  exert  on  the  nerve  fibres  connected  with  them  and  on  the  tissues 
and  organs  which  are  innen^atod  by  them.  Thus  the  Gassorian  ganglion 
is  said  to  exert  a  trophic  induence  on  the  eye,  as  its  complete  division 
leads  in  general  to  destruGtirn  chaiig^'R  in  that  or^n;  or  to  take  a  case  less 
open  to  controversy,  the  ganglion  on  the  posterior  root  of  a  spinal  nerve 
is  said  to  exert  a  trophic  influence  on  the  afferent  fibres  connected  with 
it,  because  when  these  are  separated  from  it,  and  so  removed  from  its 
infiueuce,  they  undergo  a  process  of  degeneration. 

Vascular  Changes  which  accompany  Secretion, 

Ordinarily  when  a  salivary  gland  passes  from  the  state  of  rest  into 
that  of  activity  it  is  at  once  the  seat  of  an  increased  blood-flow,  which 
is  associated  with  the  dilatation  of  the  blood-vessels  of  the  organ. 
Under  these  circumstances  the  blood  leaving  the  gland  presents  a 
florid  arterial,  instead  of  a  venous  colour,  which  characterises  that  of 
the  organ  when  at  rest.  Tliis  vascular  dilatation  is  explained  by  the 
coining  into  action  of  the  before-mentioned  vaso-dilator  fibres ;  it  is 
not  necfissarily  dependent  on  the  act  of  secretion,  as  it  may  occur  after 
the  secretory  flbres  have  been  paralysed. 

Heat  evolved  during  Secretion, 

As  was  shewn  in  a  now*  classical  investigation  of  Ludwig\  when 
the  salivary  glands  are  thrown  into  activity  there  is  a  rise  in  tem- 
perature, so  that  the  temperature  of  the  saliva  leaving  the  sub- 
maxillary gland  may  exceed  by  1 '  C.  that  of  the  blood  flowing  to 
the  gland.  This  rise  in  temperature  cannot  be  explained  by  a 
study  of  the  chemical  characters  of  the  salivary  secretion,  but  is 
doubtless  the  result  of  the  increased  metabolic  changes  which  neces- 
sarily accompany  the  act  of  secretion  in  the  gland  cells,  and  which 
chiefly  affect  their  protoplasm. 

The  Secretion  of  Saliva  not  an  act  of  filtration. 

That  the  secretion  of  saliva  (and  indeed  that  secretion  in  general) 
is  not  a  mere  act  of  filtration,  was  proved  by  Carl  Ludwig  wheu 
he  shewed  that  saliva  can  be  secreted  by  a  gland  though  the  pres- 
sure exerted  by  the  secreted  fluid  in  the  ducts  within  it  is  considerably 
higher  than  that  of  the  blood  circulating  through  the  arteries  which 
supply  it  On  many  grounds  it  may  be  positively  asserted  that  the 
secreting  cells  are  the  primary  agents  in  the  withdrawal  from  the 
blood  of  the  water  necessary  for  the  secretion,  though  the  exact 
nature  of  the  process  is  yet  unknown';  similarly  on  the  grounds 
stated  below  we  know  that  within  the  protoplasm  of  the  gland  cells 
the  characteristic  soluble  constituents  of  the  secretion  are  formed. 

*  Lndwig  w.  A.  Spip89.  *  Vergleichung  dcr  Warme  dor  Untorkiefer-DruBcnspeichel 
UQd  dea  glcichzeitigen  CnrotideDblutes.*     ZeiUchr.f.  rat.  Mcd.t  1858,  p.  361. 
^  Consult  Heidenhftin,  Hei-mann's  Uandbuchy  Vol.  v.  p.  72. 


CHAP.  L]      changes   in  GLAND  CELLS   DURING   SECRETION.  15" 

Structural  Changes  in  Sec^-etcri/  Cells  accompanying  activity  of  the 

Salivary  Glands. 

The  researches  raade  during  the  last  few  years  by  Heideahaia, 
EbeteiD  and  Griitzner,  Langley,  and  fully  coutirraed  by  a  large 
number  of  obsen'ers,  have  demonstrated  that  in  the  salivary  glands, 
as  perhaps  in  all  secreting  glands,  structural  and  perfectly  obvious 
microscopic  changes  occur,  which  stand  in  close  relation  to  the 
different  conditions  of  functional  activity. 

The  resting  gland  cell  is  large,  but  possesses  compa- 
of  r^gtinx  ratively  little  protoplasm,  and  therefore  comparatively 

glands.  little    matter    which    can    be    stained    by   colouring 

matters,  especially  by  carmine ;  it  contains,  instead,  a 
st<»re  of  material  which  has  been  elaborated  in,  or  at  the  expense  of, 
the  protoplasm.  This  material  doeji  not  constitute  the  specific 
matter  of  the  secretion,  but  is  its  antecedent. 

That  a  chemical  difference  existe  whicli  admits  of  direct  proof  is  argued  by 
Heidenhain,  in  the  case  of  the  mucous  glands  for  several  reasons,  but  mainly 
on  the  ground  of  the  statements  of  Watney  and  Klein,  that  whilst  mucin  is 
ttt&ined  by  hsniatoxvlin,  it^  autece<ltiiit  (mucigen)  i^i  not  ufiected  by  that 
douring  matter.  Sir  J.  N.  Ltingley,  who  has  devoted  much  attention  to 
question,  has  arrived  at  the  couclmiioii  that  as  yet  no  evidence  what- 
'  exiflta  which  warnint^  the  assertion  that  such  a  hypothetical  mu^ig^n 
In  a  hitherto  unpublished  note  on  the  subject  which  the  author 
had  the  advantage  of  reading,  he  points  out,  hiter  alia,  that  htema- 
txyliu  when  added  to  saliva  does  not  stain  the  mucin  which  that  fluid 
mtalns,  unUss  it  be  in  a  solution  which  coutains  alum. 
The  l)eliaviour  of  the  gland  cells  towards  hiematoxyliu  varies  greatly 
according  to  the  treatment  which  the  tissue  has  midergone.  Langley  has 
[UeDttj  obtained  sections  of  gland  hanlened  in  alcohol  with  a  stringy 
'inass  of  mucin  in  the  ductn,  and  on  Btainlng  with  hiematoxyliu  (whether 
Kleinenherg'fl,  or  Bohmer*8  or  Delafield'a,  or  in  aqueous  solution,  or  in 
dilute  alkaline  solution),  obtained  good  staining  of  nucUn  and  demilunes 
without  the  mucin  baring  taken  a  ti-ace  of  colour.  If  wo  are  to  rely 
on  the  hematoxylin  test  we  must,  in  such  coses,  conclude  that  the  saliva 
in  the  dact  did  not  contain  mucin  but  mucigen.  '  It  is  possible,'  says 
I^angley,  'that  a  method  of  staining  with  hsematoxylin  may  be  found 
'hich  shall  give  satitifactoiy  results;  for  sometimes  the  substiuice  in  the 
duct  is  stained  more  thau  the  cells  and  sometimes  the  cells  are  unequally 
stained,  but  at  present  one  cannot  use  hatmatoxylin  in  such  a  way  as  to 
^f^ye  such  results  constantly.'  But  Langley's  criticisin  is  not  limited  to  the 
licol  grounds  which  have  been  alleged  in  favour  of  the  hypothetical 
loeigeti.  fie  considers  that  the  physiological  evi<ience  iu  favour  of  Ha 
is  at  present  insufficient.  The  further  discussion  of  this  question 
beyond  the  scope  of  the  present  work. 

CbMimetat»'  When,  however,  a   gland    passes   into   a   state    of 

tici  of  KiAiLds  activity,  as  for  example  by  the  irritation  of  its  so-called 

la  a  ftat«  of  secretory  ner\'e3,  the  gland  cells  imdergo  the  following 

•cttTity.  changes,   which  may  proceed   simultaneously,   though 
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not  necessarily  so : — the  stored-up  matter  previously  referred  to  is 
converted  into  soluble  constituents  of  the  secretion,  and  at  the  same 
time  there  occurs  a  gi-owth  of  the  protoplasm  of  the  cells,  at  the 
expense  doubtless  of  the  richer  supply  of  lymph  which,  during  the 
secretory  act,  bathes  the  gland. 

The  period  of  activity  in  so  far  as  the  gland  cell  is  concerned  is 
indeed  a  period  of  removal  of  ready-made  constituents  of  secretion; 
a  period  in  which  the  protoplasmic  constituents  of  the  cells  generally 
increase.  According  to  some,  active  proliferation  of  secreting  cells 
occurs ;  the  latter  statement  is  probably  incorrect 

Whilst  we  have  in  a  few  sentences  sketched  the  general  characters 
of  the  changes  which  glands  undergo  during  secretion,  our  picture 
is  wanting  in  all  details,  and  the  reader  is  referred  for  further  infor- 
mation to  works  on  Histology  and  Physiology*. 


Sect.  2.    The  Chemical  Composition  of  Mixed  Saliva,  of  the 

SECRETION    OK    THE   THREE   CHIEF   SaLIVARV   GlaNDS,   AND   OF 

Buccal  Mucus. 


1.  Mixed  Sauva. 

Mode  of  Ob-  The  mixed  saliva  of  man  may  be  obtained  in  a  state 

uiuins  mixed  of  purity,  some  hours  after  a  meal,  by  everting  the  lower 
■*^'*-  lip,  depressing  the  bead,  and  collecting  the  clear  Liquid 

which  slowly  trickles  from  the  angles  of  the  mouth.  An  abundant 
flow  of  saliva  may  be  provoked  by  the  internal  use  of  Jaborandi 
or  its  alkaluid  Piliwarpine. 

A  fairly  copious  flow  may  be  obtained  by  inspiring,  through  the 
mouth,  the  vapour  f^f  chluroform,  or  by  washing  out  the  moutli  with 
water  containing  a  little  ether  in  solution,  or  even  by  chewing  a 
fragment  of  rhatauy  root;  iu  the  latter  case  the  fluid  is  naturally 
mixed  with  the  vegetable  fragments,  and  with  the  soluble  constituents 
of  the  drug. 

Quantitr  of  In  the  case  of  saliva,  as  in  that  of  other  digestive 

•aoiva  9wan-  juices,  we  possess  no  mode  of  determining  in  a  reliable 
ted  by  man.  manner  the  amount  of  the  secretion  which  is  poured 
out  in  the  physii^logical  ojndition. 

Mitscherlich  calculated  the  probable  secretion  of  mixed  saliva  to 
amount  to  S  to  10  ozs.  daily. 

According  to  Tuczek*,  the  salivary  glands  of  adult  man  secrete 


I  Consolt  speciftlly  Heidenhain'a  systematio  account  tmder  the  heading  '  Vorgringe 
iunerhalb  der  Druaen  wrihrend  ihrer  Thiitifikeit '  in  Hermann's  HantWucht  Vol.  v. 
Chapter  iv.  p.  &f\.  The  rt^odur  niU  And  a  more  lengthy  treatment  than  is  po^fuble  in 
the  present  work  in  Dr  Michud  FoHtcr's  Tuxt-Bo'^fi  of  Physiology,  Ed.  v. 

"  Tuczek,  *  Ucber  die  von  Meuschen  wahrend  dea  Kanens  abgesonderten  Speicbel* 
inengen.'     Zeiuchr.j.  liioloyie.  Vol.  xii.  p.  534. 
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during  mastication  at  Hie  rate  of  1300  grammeB  of  saliva  for  eacb 
100  fframmes  of  gland-substance,  the  saliva  containing  6*3  grammes 
ofsoad  constituents,  of  which  3*9  grammes  consist  of  organic  matters. 

Fhysical  Properties  of  Miiced  Saliva. 

Xormal  saliva  is,  when  perfectly  fresh,  a  clear,  transparent,  viscid 
flnid,  which  on  microscopic  examination  is  found  to  hold  in  suspension, 
but  very  sparsely  distributed  through  it,  cells  of  squamous  t-pithelium 
wLich  have  become  detachetl  from  the  walls  of  the  mouth,  besides 
wrtain  cells  denominated  salivart/  corpuscleSt  which  are  probably 
leucocytes  altered  by  the  action  of  saliva  ;  these  cells,  which  present 
some  resemblance  to  leucocytes,  are  much  more  globular  and  contain 
within  their  interior  granules  which  exhibit  so-called  Br&miian 
niovements  in  a  very  remarkable  manner. 

ipecino  The  specific  gravity  of  the  mixed  saliva  of  man 

p»»Ky.  varies  between  1002  and  1006,  the  mean  being,  how- 

ever, about  1-003. 

R^acuoa.  Perfectly  normal,  human  saliva  possesses  an  alkaline 

reaction,  which  is  least  marked  after  a  long  fast,  and  most  distinct 
wheu  the  flow  of  the  secretion  is  at  its  height.  According  to 
Chittenden  and  Smith  the  alkalinity  corresponds  to  that  of  a  solution 
cuutaining  008  per  cent  of  Na^CO,\ 

In  some  persons,  especially  in  the  morning,  the  .saliva  is  found  to 
(Xtese&s  an  acid  reaction,  which  is  however  due  to  fermentative  changes. 
Frerichs*  found  that  100  grammes  of  saliva  secreted  by  himself, 
blaring  smoking,  required  0*150  grammes  of  sulphuric  acid  to  neu- 
tralise it. 

THE  CHEMICAL  CONSTITUENTS  OF  MIXED  SAIJVA. 

*M«r-  As  is  indicated  by  its  specific  gravity,  saliva  is  a 

^erj  watery  Liquid,  containing  only  from  five  to  six  parts  per  viille 
cf  solid  constituents. 

The  Organic  Solids  of  Saliva. 

ProtMdfl  The  solids  consist  partly  of  undissolved,  suspended, 

ttd  mucin.  organic  matters,  especially  epithelium,  and  partly  of 
dissolved  organic  matters  and  salts.  They  always  contain  a  very 
small  quantity  of  a  soluble  proteid,  Avhich  resembles,  if  it  is  not 
identical  with^  serum-albumin,  besides  a  considerable  quantity  of 
Diucin. 

Dusutio  In  the  case  of  the  saliva  of  man  and  certain  other 

nxymt.  animals,  an  enzjTne  is  present  which  possesses  amylol^lic 

properties  and  exerts  a  chemical  action  which  appears  to  be  identical 

>  Chittenden  and  Smith,  Traruaction*  Connecticut  AuociatioM,  1885. 
*  Freriehfi.  Article  'Verdanung,'  Wagner's  Handwdrtitrbucli  dtr  Phynohgie,  Vol. 
tu  Ptft  L  p.  TtiO. 
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with  that  of  diastase.  This  ferment  has  frequently  been  termed 
Ptyalin,  though  this  name  was  originally  applied  by  Berzelius*  to  the 
organic  matters  of  the  &aliva  generally,  obtained  by  a  method  which 
robbed  them  of  all  ferment  action,  which  besides  was  unknown  to  the 
Swedish  observer.  It  is  more  usual  to  designate  it  the  Diastatic 
Ferment  (or  Enzyme)  of  the  Saliva,  or  Salivary  Diastase.  It  will  be 
separately  discussed  in  one  of  the  succeeding  sections. 

By  V.  Wittich's  method,  Hufner*  obtained  from  the 
salivary  glands  of  the  pig  a  glycerin  extract  which,  in 
addition  to  very  alight  diastatic,  possessed  feeble  but 
decided,  proteolytic  activity.  This  ferment  was  said 
to  be  active  in  alkaline  as  well  as  in  acid  solutions. 
Munk*  obtained  a  similar  ferment  from  mixed  saliva, 
but  found  that  it  was  very  active  in  acid  scdutious. 

It  is  probable  that  the  ferment  discovered  by  both  Hiitiier  and 
Munk  was  pepsin,  of  which  minute  traces  probably  make  their  way 
into  the  several  fluids  of  the  body.  The  urine,  for  instance,  is  known 
to  contain  a  trace  of  diastatic  fermeut  aud  especially  of  pepsin,  and 
occasionally,  it  is  said,  of  trypsin,  and  of  reiiuet  ferment*. 

BxtracttT0  In  disease,  certain  extractive  matters,  such  as  urea, 

matten  of  leucine  and  lactic  acid,  have  been  discovered  in  the 
■*^™-  saliva.    The  first  of  these  is  probably  a  normal  con- 

stituent, though  only  present  in  minute  traces.  We  do  not  yet  know 
what  other  extractives  occur  as  regular  constituents  in  health. 

The  Saline  Constituents  of  Saliva. 
The  Saline  Constituents  of  the  Saliva  are  composed  chiefly  of 
alkaline  chlorides  ;  they  include,  however,  also  alkaline  and  earthy 
phosphates,  and,  in  some  cases,  earthy  carbonates.  They  are  distin- 
guished by  the  presence  of  a  salt  whose  formation  appears  character- 
istic of  the  salivary  glands,  viz.,  a  soluble  sulphocyanate. 

Discovery  Trevirauus*   was  the  first  to  observe  that  when  a 

of   a   suipbo-    solution  of  ferric  chloride  is  added  to  saliva  it  produces 
a  reddish  colour,  which  was  subsequently  conclusively 
shewn  by  Tiedemann  and  Gmelin**  to  be  due  to  the 
presence  of  sulphocyanic  acid  in  saliva. 

1  DerzeLiiu,  Tiaite  tie  Chimie.  Nouvelle  Edition  par  ValeriuB  (1839)t  Vol.  m. 
p.  591. 

■  Hiifner,  '  Unterauchungen  liber  die  ungeformton  Fcrmento.'  ./bi/rn.  f.  praJkt, 
Chemie,  New  8er.  Vol.  6.  p.  .172. 

*  Mnnk,  •  Untersuchungen  ttber  die  ungeforraten  Fermente  im  Thierkorper.'  In 
Maly's  Jahre»bcricht,  Vol.  (>,  p.  270. 

*  W.  Sahli.  'Ueber  das  Vorkommen  von  Pepsin  and  Trypsin  im  normalen  mensoh' 
lichen  Harn.'  Pfliiger'a  Archiv,  Vol.  36  (18)=I5).  p.  209.  K.  Stadelmann,  •  Ueber 
Ferment*  im  normalen  Harn,'  Zeilnchrij't  f.  lliolopit,  Vnl.  24  [1888),  p.  220;  aUo 
'  UnterBUcbuDgeu  iiber  deu  PepBin-Ferment-gohaU  dcs  normalen  nnd  pathologisohen 
Hamea.*    ZeiUchrift  f.  Iiiolo<jir.  Vol.  25  {1889},  p.  215. 

>  Trevironus.  Biolotiie,  18i4,  Vol.  iv.  p.  380. 

"  F.  Tiedemann  und  L.  Gmelin,  Die  Verdauan^  nach  Vtnuchtn,  Heidelberg  u. 
Leipzig,  182G,  Vol,  i.  p.  8,  ct  eeq. 
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(a)  Human  saliva  is  treated  with  a  small  volume  of 
a  pale  and  acidulated  solution  of  ferric  chloride.  A 
reddish  colouration  of  varying  intensity,  but  tending  to 
that  of  diluted  claret,  is  generally  produced.  This 
colour   is  bleached   by  the  subsequent  addition  of  a 

.solutioD  of  corrosive  sublimate. 

(6)     According  to  tischeidlen's '  method,  filter-paper  is  dipped  in 

a  weak  solution  of  ferric  chloride  containing  some  free  hydnx?hloric 

acid  and  then  allowed  to  dry.     The  contact  of  a  drop  of  saliva  with 

«uch    paper  occasions  a    reddish   stain.      The   author  can   strongly 

recommend  this  method. 

(c)     Solera's  Reaction..     When  human  saliva  is  treated  with  a 

.solution  of  iodic  acid  it  assumes  a  yellowish  colour,  due,  according  to 

Solera',  only  to  the  aulphocyanate  present,  which  liberates  iodiue; 

the  latter  is  subsequently  easily  detected  by  the  addition  of  starch. 

This  reaction  is  said  to  permit  of  the  detection  of  0  00000004  grm.  of 

a  Bulphocyanate. 

A  sulphocyanate  is  not  constantly  present  even  in 
human  saliva.  According  to  Hoppe-Seyler,  with  whose 
experience  on  this  matter  that  of  the  author  does  not 
coincide,  it  is  indeed  frequently  absent'.     In  the  saliva 


Ii  a  aulpho- 
cy»2iat«  oon- 
iUAtl7  pr«- 
MAt  In  taUva  7 

of  the   do2 


Hoppe-Seyler  has  never  discovered  a  sulphocyanate, 
whilst  both  Schiff  and  Solera  discovered  it  iu  the  mixed  saliva  and 
in  the  secretion  of  the  parotid  gland. 

It  has  been  asserted  by  Schiff  that  the  quantity  of  a  sulpho- 
cyanate, as  determined  by  the  depth  of  tint  produced  by  the  addition 
of  an  iron  salt,  increases  after  saliva  has  been  secreted,  but  the  state- 
ment  appears  to  be  inaccurate. 

According  to  Munk*,  whose  methml  of  quantitative 
analysis  will  be  described  in  a  subsequent  section  of 
this  chapter,  the  proportion  of  sulphocyanic  acid  in 
mixed  human  saliva  amounts  to 001  per  cent. 


Proportion 
of  lulplioc;- 
aalc  add  Is 
saUn. 


Sulphocyanic  acid  jj\S  has  a  constitution  exactly 

analogous  to  that  of  cyanic  acid  tj  \0t  aulph 

ag  the  position  of  the  oxygen  of  the  latter  body. 

Ld  the  metabolic  decomposition  of  the  proteids  the  chief 


Constttntloii 
and     pfobalile 
origin   of  lul- 
phocyanlc 
add. 


lur  occu- 
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'  OaebeidleD.  'Bhodanuaobweis'  Privatmiltheilung.  Maly*e  JahreMttericht,  Vol. 
TT.  p.  91  ;  also  consult  Gschuidl4?n,  'Uebor  das  oonBtante  Vorkommen  einer  Schwefel- 
i^auTerbinduug  im  Horn  der  Saugcthierc*     PflUger's  Archiv,  Vol.  14  (1877),  p.  403. 

'  Solera.  *Di  oqa  particolare  reazione  delta  saliva'  abstracted  in  Maly'a  JahrtM- 
ttrichtt  Vol.  Tii.  p.  256.  '  Indagini  sulle  mftnifcatazioni  objcttive  del  Rolfocvanuro 
|)Ofai«steu  aalivare.'    Pavia,  1877.    Abstracted  Id  Maly'B  Jahretftfricht,  Vol.  vjii.  p.  235. 

*  Hoppe-Seyler,  'Bei  weitem  iiicht  alle  Meu&ohen  baben  Bchwefelcyanbaltigcn 
SpetcheL'     FhysiologUehe  Chemie,  Part  n.  p.  180. 

*  J.  Monk,  *  Scbwefelcyanbeatimmnng  im  Bpeirhel. '  Virebow'i  JrcAto,  Vol.  lxix. 
p.  350. 
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genous  product  is  carbamide  or  urea,  a  body  which  can  be  fonoed 
■with  remarkable  ease  by  a  rearrangement  of  the  atoms  of  ammoniDni 
emanate,  aud  whose  formation  probably  points  to  the  presence  within  l 
the  proteid,  at  lea-st  at  the  time  of  decomposition,  of  cyanogen  reaiduea 

The  sulphocyauates  of  the  saiiva  are  doubtless  likewise  denved 
from  the  decomposition  of  proteids.  Inasmuch  as  ammonium  sulpho- 
cyanate  can  be  transformed  into  sulphur-Tirea,  just  as  ammoniam 
cyanate  can  be  transformed  into  urea  proper,  it  would  appear  pro- 
bable that  some  sulphur-urea  should  occur  iu  the  organism.  Maly 
made  a  search  for  this  body,  but  in  vain. 

Sulphocyanic  acid  was  found  by  Leared'  to  be  an  almost  constant 
constituent,  not  only  of  the  saliva  but  also  of  the  blood  and  urine  of 
man  and  certain  other  animals,  and  his  observations  have  been  con- 
firmed b}'  those  of  Gscheidlen' aud  MuDk^  In  the  urine,  Leared 
found  one  half  grain  in  16  ozs.,  or  Oil  grm,  per  litre.  Gscheidlen 
estimated  the  amount  at  002  grm.,  and  Munk  at  0*08  grm.  per  litre. 
Gscheidlen  believes  that  tlie  sulphocyanic  acid  of  urine  is  derived  frum 
the  blood,  into  which  it  passes,  by  absorption  from  the  saliva  by  the 
alimentary  canal,  for  when  he  diverted  the  aecretiou  from  the  aUmen- 
tary  canal  by  establishing  salivary  tistulse  he  failed  to  detect  a 
sulphocyauidu  in  the  blood  and  virinc. 

Dr  Feuwick*,  who  has  paid  much  atteution  to  the  variatioQ  in  iLe 
amount  of  sidpliocyanic  acid  in  the  saliva,  believes  that  the  salt  is:i 
product,  aud  so  iudirecti}'  affords  evidence,  of  the  nitrogenous  meta- 
bolism of  the  organism,  and  that  its  amount  diminishes,  under  con- 
ditions in  which  the  activity  of  the  nutritive  functions  is  diminished. 
He  considers,  though  on  evidence  which  is  indirect  and  unsatisfactory, 
that  the  sulphocyanic  acid  of  the  saliva  is  genetically  related  to  the 
organic  sulphur  compound  of  the  bile,  an  opinion  which  he  buses 
especially  on  the  statement  that  whenever  the  bile  is  prevented  from 
reaching  the  alimentary  canal,  the  sulphocyanide  of  the  saliva  dis- 
appears. It  appears  desirable  that  the  statement  of  Fenwick  should 
be  controlled  by  observations  on  animals  in  which  biliary  fistulsa  have 
been  successfully  established. 

preaeQce  of  By  the  direct  addition  of  Nessler's  reagent,  traces  of 

ammonia    in      atnmoina  can  readily  be  detected  in  saliva*. 

preaenw  of  According  to  Peter  Griess*  saliva  always  con 

nitritefl      Ui     nitrites  which  may  be  detected  by  means  of  a  solu 
■*^^*-  of  meta-diamidobenzol. 


t^n^ 


1  Leared,  '  On  the  prenenoe  of  nUphoc^ranides  in  the  blood  and  arine."  Procetdingt 
t^tht  Royal  Society,  Vol.  18  (1870),  p.  16. 

"  Gscheidlen,  '  Ueber  das  coDBtante  Vorkommen  einer  Sohwefelcvanverbindons 
im  Hum  der  SaugeUiiere.'     PflUger's  Archiv,  Vol.  U  (1877),  pp.  401—41*2. 

^  X.  Munk,  *  Leber  das  Vorkommen  tod  Sulfocyansaure  im  Earn  and  ihre  qnanti- 
tativen  VerhaltniMe.'     Virchow'a  Archiv. 

*  Fenmok.  TU  Saliva  as  a  ust /or  functional  Diiorden  of  the  Liver.  8to.  London, 
188^. 

'  Mahr.  Hermann's  Handbuch,  Vol.  v.  Part  ii.  p.  8. 

•  F.  OrieBS,  Jitr.  d.  d.  ch4m.  GwlU,  Vol.  ii.  p.  ti34. 
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The  saliva  to  be  tested  is  diluted  with  five  times  its  volume  of 
water,  acidulated  with  sulphuric  acid,  and  then  treated  with  a  solu- 
tiim  of  the  reagent.  Au  intense  yellow  colour  is  produced.  Gricsa 
ha*  by  this  colorimetric  method  estimated  the  nitrous  acid  to  amount 
to  between  1  and  10  milligrammes  per  litre  of  saliva. 

TlM    gaaos  The  gases  of  mixed  saliva  have  not  been  investi- 

of  mixed  la^     gated,  and  from  the  nature  of  the  fluid  they  doubtless 
^^  will  vary  considerably.   We  may  however  conclude  that 

ikey  will  not  sensibly  diflPer  in  composition  from  those  which  may  be 
obtained  from  the  submaxillary  saliva. 

Results  o/  Quantitative  Annhjses  of  Mixed  Human  Saliva. 

T\\e  following  analyses  exhibit  the  results  obtained  by  Frerichs, 
Jocwbowitscb,  and  Herter': 


(1) 
Frenchs. 


Water  in  1000  pts 99410 

Solids    5-90 

Soluble  organic  matters  ...  1*42 

Epithelium    213 

Potassium  Sulpho-cyanate  0*10 

Inorganic  Salts 219 

The  following  are  the  results  of  analyses  of  the  ash  of  Saliva. 


(2) 
Jacubon-itsch. 

99510 
4-84 
1-34 
1-62 
O'OO 
1«2 


(3) 

Herter. 

994098 
5-302 
3-271 
? 

7 

1031. 


J&eabovitach. 
In  1000  ports  of  Saliva. 

(1) 
Man. 

TotalSalts 1-82 

Phosphoric  Acid... 

S<xlium 

Lime  

Magnesia     

Alktthne  Chlorides, 


0511 
0*43/ 
0-03 1 
0*01/ 
084 


(2) 
Dog. 

6'79 
0-82 


015 
582 


Enderlin. 

Human  Saliva. 
In  UK)  partH  of  the  Aah. 

Soluble  Salts 92'36T 

Insoluble   , 5*509 


Alkaline  Chlorides     ...  CI '930 

Sodium  Phosphates  ...  2>i'122 

„       Sulphate   2'315 


2.    Parotid  Saliva. 

Introductory  Obsei^vations, 

The  Parotid  gland,  as  has  already  been  stated,  is  the  type  of  a 
so-called  serous  salivary  gland,  that  is,  of  a  gland  whose  secretory 
ceils  are  comparatively  rich  in  proteid  inalters,  and  which  secretes 
a  watery  liquid,  destitute,  or  nearly  so,  of  mucin,  and  containing  a 
trace  of  a  soluble  albuminous  substance  in  solution. 

The  secretion  of  parotid  saliva  is  un([uestionably  related  in  a 
peculiarly  close  manner  to  the  mechanlciil  niovenientHof  mastication, 
as  is  proved  by  many  facts.  In  animals  with  parotid  fistul®,  the 
secretion  will  be  observed  to  flow  whenever  the  muscles  of  mastica- 
tion come  into  action,  and  the  quantity  secreted  is  closely  related  to 

1  Hoppe-Seyler,  PhynioJogUefu  Chftniej  p.  188. 


^ 


THE   SECRETION  OF  PAROTID  SALFl'A.  [BOOK  U. 

the  degree  of  activity  of  these  muscles.  Thus  if  cannula;  be  tied  into 
the  Stenonian  ducts  of  a  ruminant,  it  will  be  observed  that  during 
masticatiou  of  the  food,  which  in  these  animals  is  effected  alternately 
by  the  molars  of  the  two  sides  of  the  jaws,  the  flow  of  parotid  saliva 
alternates  likewise,  being  always  more  abundant  on  the  side  on  which 
the  muscles  of  masticatiou  are  more  active.  Again,  if  the  amount  of 
parotid  saliva  flowing  from  a  parotid  fintula  be  observed  in  the  case  of 
a  horse  which  is  fed  first  upon  dry  aliments  such  as  oats,  requiring 
powerful  efforts  of  mastication,  and  then  upon  soft  watery  food  such 
as  bran  mash,  the  amount  of  the  salivary  fluid  secreted  in  the  first 
case  will  be  very  much  greater  than  in  the  second. 

These  facts,  which  we  derive  from  the  researches  of  Claude 
Bernard,  establish  clearly  enough  the  peculiarly  close  relationship 
which  exists  between  the  parotid  secretion  and  the  mechanical 
movements  of  mastication,  a  relationship  the  existence  of  which  is 
also  borne  out  by  the  fact  that  the  parotid  is  relativ**]y  more  highly 
developed  in  animals,  such  as  ruminants,  in  which  the  process  of 
mastication  is  most  perfectly  performed,  and  less  developed  in 
animals,  like  carnivores,  in  which  the  food  is  swallowed  in  large 
masses.  In  intimate  agreement  with  the  part  which  it  has  to  play 
in  moistening  the  aliments  which  are  to  be  subjected  to  the  procesa 
of  mastication,  we  find  the  parotid  saliva  to  be  less  viscid  and  more 
watery  than  the  secretion  of  the  other  salivary  glands. 

The  nerves  The  nerve  fibres  which  influence  the   secretion  of 

whicii  influ-  parotid  saliva  are  derived  (a)  from  the  sympathetic., 
ence  the  paro-.  (^ )  f^^y^^  ^j^g  glosso- pharyngeal  nerve,  though  the  course 
secre  on.  ^vhich  the  latter  pursue  is  one  peculiarly  devious, 
viz.  through  its  tympanic  branch  or  nerve  of  Jacobson,  to  the 
small  superficial  petrosal,  thence  to  the  otic  gangliou\  and  from 
it  into  the  auriculo-temporal  nerve,  of  which  branches  pass  into  the 
parotid  gland.  According  to  the  view  of  Heidenhain,  the  secretorif 
fibres,  i.e.  those  which  influence  the  f^uantity  of  the  stniretion  by  par- 
ticularly iiiHuencing  the  amount  uf  water  which  the  gland  separates 
from  the  blood,  are  derived  from  the  glos50-phai*}Tigeal,  whilst  the 
trophic,  which  directly  influence  the  metabolism  of  the  secretory  cells, 
are  contained  in  the  sympathetic  filaments  distributed  to  the  gland. 

A  stimulation  of  Jacobson's  nerve  causes  in  the  dog  an  abundant 
flow  of  watery  saliva ;  a  stimulation  of  the  sympathetic  does  not 
apparently  in  the  dog  occasion  any  secretion,  but  it  increases  very 
uot-ably  the  amount  of  solid  matter  contained  in  the  secretion  which 
flows  on  simultaneous  stimulation  of  Jacobaon's  nerve.     In  the  cat 

'  Donbta  long  prc^•niled  ns  to  the  Rource  of  the  aecretorj*  fibres  which  reach  the 
parotid  through  the  otic  ganglion.  The  opinion  long  prevailf^  that  these  were  deriycd 
throngh  the  nnaU  mperficial  pftrotal  n.  from  the  7th,  bat  the  careful  cxperimenta  of 
EckJiard  and  Hoidenhain  have  shewn  that  whilst  intracraoial  stimulation  of  the  7tb  ia 
never  followed  bv  a  flow  of  parotid  saliva,  thin  result  is  alwajB  obtained  when  Jacob* 
f>on'»  nerve  ia  atunal&ted.  We  mui!t  thci'efore  perforce  abandon  the  seductive  theory 
ttiat  the  7th  nerve  aappUes  the  secretory  filaments  to  all  the  salivary  glanda,  tod  admit 
that  the  nudnlj  eenaoty  glouo-pharTngeal  shares  these  functions. 
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Kode  of  ot- 
taJTiing  pure 
p&roUd 

Iiuertlon  of 
a  OTiTiTilH  tnto 
fch*  bnman  pa- 
rotid duct. 


Insertloa  of 
a  ftawwMla  Into 
the     parotid 
dact     of     the 

dOff. 


i 


and   rabbit  stimulation   of  the  sympathetic  causes  secretion,  very 
much  as  iu  the  case  of  the  submaxillary  gland  \ 

In  man  the  parotid  saliva  may  be  collected  by 
inaerting  a  tube  through  the  mouth  into  the  duct  of 
Steno'.  In  the  lower  animals  by  exposing  the  duct 
and  tying  a  silver  cannula  iiito  the  duct. 

"As  it  is  hardly  possible  to  insert  a  cannula  intu  one's 
own  parotid  duct,  a  second  person  must  be  employed,  who 
should  sit  opposite  a  good  light '  .  .  .  .  The  metbod  is 
as  follows:  Draw  one  angle  of  the  mouth  outwanls  and 
forwards  so  aa  to  stretch  the  cbeek.  Op[>oBtte  the  second  molar  tooth  of 
the  upper  jaw  the  small  papilla  ir  seen  wliicli  marks  the  orifice  of  Stenson's 
duct.  Insert  the  oaniuila  and  hold  it  steadily  but  carefully  in  its  place, 
then  a  third  person  may  blow  into  the  mouth  some  vapour  of  ether,  or 
introduce  a  little  diluted  tincture  of  pyi-ethnim'." 

In  a  deeply  ansesthetized  animal,  the  hair  is  cUpped 
"  from  the  cheek  lietween  the  orbit  and  the  angle  of  the 
mouth.  On  ininning  the  finger  along  the  lower  border  of 
the  zygomatic  arch  from  Wiind  forwards,  its  anterior  and 
inferior  root  is  felt  at  its  insertion  into  the  superior  uiaxilla, 
rming  an  arch  of  which  the  convexity  is  directed  backwards.  At  the  end 
f  this  arch,  between  its  insortion  into  the  maxillary  bone  and  the  alveolus 
the  second  molar  tooth,  a  little  depression  is  felt.  Exactly  on  a  level 
ith  this  depression,  and  in  a  line  with  the  insertion  of  the  zygomatic 
arch,  make  an  incision  through  the  skin,  cutting  obliquely  in  a  direction 
from  the  inner  canthus  of  the  eye  towards  the  angle  of  the  mouth. 

"On  dividing  the  subcutaneous  cellular  tissue,  the  facial  vein  and 
artery,  a  nerve  and  the  parotid  duct  will  l)e  found  all  togetlier.  The  duct 
lies  mora  deeply  and  runs  from  behind  forwards,  while  the  artery  with  its 
mpanying  vein  pass  from  above  do^^'nward. 

'It  is  of  a  pearly  wliite  colour.  Isolate  it  and  divide  it  aa  near  the 
mouth  as  possible.  The  wound  must  be  closed  round  the  duct,  and  the 
duct  secnred  in  it  by  a  suture,  just  as  in  the  case  of  the  submaxillary  gland\" 

Physical  and  Chemical  Characters  of  Normal  Parotid  Saliva, 
Piiysicai  Parotid  saliva  of  man  is  a  clear,  transparent,  non- 

ehazmctan  of  \'i8cid  liquid,  possessed  of  au  alkaline  reaction',  except 
at  the  very  commencement  of  its  flow,  when  its  reac- 
tion may  be  faintly  acid.     Its  specific  gravity   varies 

'  Langley  fonnd  (Journal  of  Phy»ioUiyy,  Vol.  x.  1HB9,  p.  320)  that  for  a  time  after 
ith»  parotid  of  the  dog  has  b««n  secreting,  either  redexly  or  by  Btimulation  of  Jacobson's 
etimnlatioD  of  the  sympathetic  alwnyK  produced  a  secretion.     Similarly  when 
is  goiDK  on  after  injecting   pUocarpin,  stimalstioD  of  sympathetic  in- 
at  fint  ^  rate  of  accretion  and  then  bIowb  it.     So  the  Bympathetic  in  the  dog 
other  animals  contains  3ccr{?torr  fibrcH,  the  ordinary  dccroaBC  of  stioretioa  on 
lolating  the  sympathetic  being  possibly  due  to  the  sympathetic  vaao-oonstrictor 

acting  more  promptly  and  compUttcly  in  the  dog's  parotid  than  clsewhore. 
»  Eckhard,  Beilr,  i.  Annt,  u,  Physiol.,  Vol.  n.  p.  205. 

'  Brunton,  Handbook  of  th*  Phijuiological  Laboratory,  p.  467.  *  /Md.  p.  468. 

*  Bee  sbstfaet  of  papers  on  the  reaction  of  saliva  By  AstascbcwBky  and  Fuoini  in 
iUXr'BJahre*Uricht,  Vol.  vm.  (1878),  pp.  234  and  236. 
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between   1003  and  1006,  or  according  to  Hoppe-Seyler  between 
10061  and  1008*8.     It  contains  no  formed  elements. 


Parotid  saliva  contains  as  a  rule  no  mucin,  but 
small  quantities  of  soluble  albuminous  bodies;  it  is 
therefore  partly  coagulable  by  heat  and  by  mineral  acids.    In  the  dog 


Cliemioal 
charmoten. 
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>  Compiled  from  Hoppe-Seyler,  Phy$iologiiche  ChemU^  pp.  198  and  199,  and  Maly 
(Hermann's  Uandbueh,  Vol.  7.  part  ii.  pp.  16  and  17). 
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u  sometimes,  however,  contains  mucin.  According  to  Kiihne  there  is 
evidence  that  the  proteids  consist  of  a  globulin-like  body,  of  an 
alkaline  albuminate  and  albumin'. 

The  parotid  saliva  of  the  lower  animals  usually  gives  with  ferric 
'chloride  a  white  precipitate  containing  proteids  ;  that  of  man  on  the 
other  hand  usually  displays  the  sulphocyanide  reaction. 

Parotid  saliva  when  exposed  to  the  air  either  deposits  a  slight 
sediment  of  calcium  carbonate,  or  becomes  covered  with  a  pellicle 
cooaisting  of  amorphous  or  crystalline  calcium  carbonate. 

Stimulation  of  Jacobson's  nerve  (tympanic  branch 
of  glossopharyngeal)  as  already  stated  at  p.  22,  occa- 
sions a  flow  of  watery  saliva  rich  in  salts  and  poor  in 
proteids.  In  the  majority  of  casea  stimulation  of  the 
sympathetic  fil>res  going  to  the  parotid  in  the  dog  does 
not  produce  any  flow  of  saliva ;  if,  however,  this  stimu- 
lation be  superadded  to  that  of  Jacobson's  nerve,  there 
is  a  marked  increase  in  the  amount  of  solid  matter  and  especially  of 
the  organic  solid  matter  excreted*.     This  statement  rests  upon  such 

Cobaervations  as  those  of  which  the  results  are  subjoined. 


C<mipo«lUon 
of  parotid  sa- 
llvft  obtained 
by  sUinal&tlon 

or  STIDJNLtbetlC 

and    KloBSo- 
pb&ryngeftl 

oootnLSted. 


COMPOSITION  OF  PAKOTID  SALIVA  OBTAINED  BY  STIMULATION  OF 
JACOBSOK'S  NERVE  WITH  AND  WITHOUT  SIMULTANEOUS  STIMULA- 
TION  OF  THE  SYMPATHETIC.     (HEIDENHAIN'.J 

Li  100  parta. 


H 

Total 

Salts. 

Organic 

aolids. 

Bolida. 

1. 

Stimulation  of  Jaeobson's 

nerve  without  \ 

0-56 

031 

0-24 

stimulation  of 

gymjiathetic 

i 

2 

tt 

with 

2-42 

0-3(5 

2-06 

3. 

)i 

without 

103 

0-26 

0-76 

4. 

it 

with 

1-74 

0-32 

1-41 

R 

■             " 

\oiOtout 

0-57 

0-36 

0-21 

HI 

h 

ioilh 

0-64 

0-25 

0:38 

^P 

w 

If 

icitftout 

0-49 

0-32 

016 

3.    Submaxillary  Saliva. 

fntroductort/  Ohsei'vationa. 

The  submaxillary  gland  in  most  animals  is  typically  a  mncoua 
giaud,  and  its  secretion  is  characterized  by  viscidity  due  to  the 
iresence  of  mucin. 

The  submaxillary  gland  is  relatively  more  highly  developed  in 
carnivorous  than  herbivorous  animals.  Claude  Bernard  sought  to 
^establish  the  specially  close  connection  between  the  submaxillary 

*  Kuhce*  t^hrhurh,  p.  14, 

*  Heidenhain.  '  MorpholoKische  Veriindemngen  der  Driisen  wahrend  der  Thatig- 
krit.*  Hermann's  HandhucK  Vol.  t.  (1&80).  Part  i.  p.  61. 

'  HeidenhiUD,    *  Beziehungen    der    H&UsympAtbicna    ziir    Parotis    beim    Hunde.' 
^Bonuuin'i  Uandhuch^  Vol.  v.  pp.  54  and  6d. 
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saliva  and  gustation,  and  called  attention  to  the  fact  that  whilst  the 
parotid  enters  into  activity  during  the  mechanical  movements  of 
mastication,  the  submaxillary  gland  is  not  affected  by  them ;  whilst 
on  the  other  hand  the  stimulation  'of  the  sensory  nerves  of  the 
mouth  or,  in  some  cases,  the  anticipation  of  food  lead  to  a  flow  of 
submaxillary  saliva.  There  can  be  no  question,  however,  that  the 
parotid  likewise  is  affected  reflexly  by  stimulation  of  the  nerves  of 
taste  and  directly  by  ideas  associated  with  food. 

The  cerebral  fibres  for  the  submaxillary  gland  are 
contained  in  the  chorda  tympani,  a  brancli  of  the  facial 
nerve.  It  also  receives  tibres  from  the  sympathetic. 
The  former  according  to  Heidenhain's  theor}-  are 
mainly  secretory,  and  the  latter  mainly  trophic  (meta- 
bolic), but  there  is  some  doubt  (Langley)  whether  the  difference 
observed  between  them  may  not  be  due  to  the  concurrent  difference 
in  the  blood  supply. 

Mode  of  Ob-  Ii^  man,  the  submaxillary  saliva  may  be  collected 

Ulnine  aub-  by  introducing  a  silver  cannula  into  the  entrance  of 
marnury  Wharton's  duct  in  the  mouth  ;  in  the  lower  animals. 

**^^'  especially  the  dog,  by  cutting  down  upon  the  duct  and 

tying  a  silver  cannula  into  it. 


Tbe    aerrea 

wbiob  Influ- 
ence the  vub- 
maxlUary  ee- 
cretlon. 


Fig.  1.  M,  anterior  portion  of  the  digastric  muscle,  of  which  the  posterior  portion 
has  been  removed,  and  the  attachment  to  the  temporal  bone  cut  through  at  J/'.  G,  sub- 
maxillary gland  raised  by  means  of  a  hook  f>o  oh  to  shew  its  deep  surface,  7/,  dnots  of 
the  flubmftxillary  and  Bublingiial  duct« ;  the  former  may  be  traced  back  to  its  gland.  J. 
trunk  of  the  external  jugular  vein.  </'.  a  branch  of  the  external  jugular  Teln  passing  to 
the  boflk  of  the  gland.  J",  a  branch  of  the  jugular  paftMng  to  tlie  front  of  the  gland 
out  aoroBS.  D,  a  venous  trunk  issuing  from  the  aubiuazillary  gland  and  joining  the 
external  jugular  vein.  ^  /',  external  carotirl  artery  accompanied  by  two  Alamcnts  of 
the  eympathetio  nerve,     f,  origin  of  the  inferior  artery-  of  the  gland.     P,  h,>'po- 


glofls&l  nanre.  L,  gustfttory  or  lingQRi  nerve>  bi-iclging  over  the  salivary  dacta  H.  On 
raising  the  inner  border  of  the  divided  mylo-hroid  muscles  S,  S\  th«  lingual  nerve 
may  be  traced  up  and  the  chorda  tynipani  ner\e,  T.  may  be  peen  parsing  away  from  tlie 
Ua^oal  forming  a  curve,  of  which  the  convexity  looks  downwards.  Tlie  nerve  is  seen 
nmning  towards  the  hilua  of  the  t^hind,  fuUowinti  a  parallel  course  <U>ove  the  sub* 
fnaiiUnry  dad.  U,  masseter  muscle.  Z,  point  of  origin  of  the  mylo-hyoid  nerve,  of 
which  the  filamenta  are  hidden  by  the  nuteued  digastrie  aud  mylo-hyoid  muscles. 

Physical  and  Chemical  Characters  of  Noi*vial  Submaxillary  Saliva. 

TiM     lub-  Like  the  glaud  wliich  secretes  it,  the  saliva  of  the 

nujoiiary  sa-  submaxillary  gland  is  characterized  by  the  presence  of 
UTaorman.  mucin,  which  imparts  to  it  some  viscosity.  In  man 
this  saliva  is  more  fluid  than  in  the  dog;  it  ac(iuires  increased 
viscidity  some  titne  after  its  secretion.  It  possesses  an  alkaline 
reaction,  and  has  a  specific  gravity  which  varies  between  1002  and 
1003;  it  contains  from  3  to  i  parts  per  1000  of  solid  matters,  of 
which  the  most  abundant  is  mucin,  though  traces  of  proteids  and 
diastatic  ferment  ai*e  also  present.  In  reference  to  the  latter  it 
may  be  said  that  in  most  animals  whose  saliva  possesses  diastatic 
properties  the  submaxillary  saliva  is  more  active  than  the  parotid. 

When  exposed  to  air  it  deposits  flocculi.  According  to  Eckhard 
it  contains  no  sulphocyanic  acid,  but  recent  authors  agree  in  stating 
that  though  this  constituent  is  present  in  much  smaller  quantities 
than  in  the  secretion  of  the  parotid  it  is  not  altogether  absent*. 

Sabmaxll-  In  the  dog  the  submaxillary  saliva  has  been  sub- 

lazy  nUra  jected  to  very  thorough  investigation  under  the  most 
of  ttia  dot*  diverse  circumstances.  The  secretion  is  in  this  animal 
more  viscid  than  in  man  ;  it  does  not  contain  diastatic  ferment. 

Tbe   reaulta  The  most  recent  and  most  complete  analyses  of  the 

of  quaatlutSva  normal  submaxillary  saliva  of  the  dog  have  been  per- 
*''*^J^»**  formed  by  Herter',  and  the  results  are  stated  in  the 

following  table. 

COBU'OSmON   OF   NORMAL   SUBSlAXILLAJiy   SALIVA  OF  THE   DOG. 

(HERTER.) 


I. 

II. 

III. 

IV. 

Water 

994-385 

994*969 

995411 

991*319 

Solid  matters 

5-615 

5-031 

4-589 

8-681 

Organic  matters 

1-755 

Mucin  coataiued  iu  cm. 

0-662 

2-604 

Inorganic  salts,  8oluh1e 

3'697 

5*209 

„                 insoluble 

0-263 

1123 

CO,  in  a  state  of  chemical 

combination 

0-440 

0-504 

0-654 

Consult  Maly,  *  Chemie  der  VerdauungHaiifte  and  Verdauung.'    Hermann's  Hand- 
hjacK  VoL  v.  p.  Id.  '  UoppeSeyler's  Phy$ioloffi»che  Chemie,  Fart  ii.  p.  191. 
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Analyses  I.  and  III.  were  of  saliva  obtained  by  stimulating  the 
mouth  with  vinegar;  II.  of  saliva  which  flowed  spontaneously  imme- 
diately after  the  fistula  had  been  established,  and  IV.  of  saliva  poured 
out  during  mastication. 

Inorganic  The  soluble  salts  consist  mainly  of  sodium  chloride 

saiu  of  Bub-      ^^^^  sodium  carbonate;   the  insoluble,  of  calcium  car- 
ggiif^"^  bonate  and  phosphate. 


Character's  of  Suhnm.Tillary  Saliva  secreted  on  stimulation  oftJie 
Chorda  Tympam, 

When  the  chorda  tympani  is  stimulated  there  is  obtained  an 
abundant  flow  of  submaxillary  saliva  possessing  ita  normal  fluidity. 
At  the  same  time  there  occur  changes  in  the  circulation  in  the  gland 
which  do  not  specially  concern  us,  and  a  rise  in  temperature  which 
may  according  to  Ludwig's  determination  amount  to  1^'5C.  This 
secretion  on  stimulation  of  the  chorda  may  be  provoked  even  when 
the  circulation  has  ceased  ;  for  example,  in  the  gland  of  a  decapitated 
head.  Heidenhain  has  shewn  that,  although  '  chorda-saliva '  is,  as 
was  before  known,  poor  in  organic  solids  as  compared  with  the  saliva 
which  flows  on  stimulatiun  of  the  sympathetic  filaments,  yet  the 
secretion  varies  with  the  intensity  of  the  stimulus. 


Injd  nonce  of 
Intensltsr  of 
stlmoluB  on 
amount  of  se- 
cretion and 
on  organic 
and  saUne 
coastitnenU. 


The  amount  of  saliva  secreted  augments  perceptibly 
as  the  stimulation  of  the  chorda  increases  in  intensity. 
At  tlie  same  time,  the  salts  of  the  saliva  increase  very 
materially,  until  their  proportion  attains  0*5 — 06  p.  c. 
The  proportion  of  salts  always  increases  with  the 
proportion  of  water  secreted.  This  result  is  obtained 
whatever  the  time  at  which  the  stimulation  has  been 
commenced,  even  if  secretion  has  been  going  on  for  hours. 
Langley  and  Fletcher  from  an  extended  investigation  on  the  sub- 
ject have  arrived  at  the  conclusion  that  '  the  secretion  of  organic 
substance  depends  ivhoibj,  or  almost  wholly^  upon  the  strength  of  t/t^ 
stimtduSy  whilst  the  secretion  of  water  and  of  salts  depends  also  upon 
the  amount  of  blood  flowing  through  the  gland^.' 

As  the  amount  of  organic  constituents  secreted  in  the  saliva 
depends  intimately  upon  the  store  of  matters  which  the  secreting 
cells  contain,  it  follows  that  the  amount  of  organic  matters  .secreted 
upon  stimulation  will  depend  very  greatly  upon  the  work  which 
the  gland  has  previously  done. 

If  the  chorda  tympani  be  stimulati^d  when  the  submaxillary 
gland  has  been  in  repose,  it  is  noticed  that  on  increasing  the 
strength  of  the  stimulus  there  is  increase  not  only  in  the  amoimt 


1  J.  X.  Langley  and  H.  M.  Fletcher,  'On  the  Secretion  of  .Saliva,  chiefly  on  the 
tion  of  Salts  in  it.'     PhiU  Trajuaet.  Vol  180  (1880),  B,  p.  132. 
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of  the  secretion  poured  out  in  one  minute,  and  in  the  amount  of 
total  Bolids  and  salts,  but  also  of  the  organic  matters ;  if  the  gland 
is  however  exhausted  (compare  stimulations  5  and  C,  7  and  H,  in 
the  table  apjiended  below),  then,  in  spite  of  iucreased  streneth  of 
stimulus,  the  organic  matters  will  diminish,  the  influence  of  mtigue 
making  itself  more  obvious  than  that  of  the  increased  intensity  of 
stimulus. 
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•  Heid^hain.  Pfluger's  Arehiv,  Vol.  xvn,  (1878),  p.  7,  and  Herraaun's  Hawiftwr*. 
Vol.  T-  Part  i.  p,  52.     {Phj/niolo'tir  tier  AlmomUninffnorgnnife.) 
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The  above  most  interesting  facts  are  explained  by  the  hypothesis 
of  Heidenhain,  that  the  chorda  tympani  contains  both  secretory 
fibres — that  is  fibres  which  influence  the  proportion  of  water  and  of 
salts  secreted — and  trophic  (metabolic)  fibres,  which  influence  the 
discharge  of  organic  constituents  from  the  secreting  cell;  further, 
that  the  latter  set  of  fibres  require  a  more  powerful  stimulus  to  excite 
them  than  the  former ;  and  lastly,  that  even  though  the  stimulus  be 
strong,  if  there  be  not  a  supply  of  available  matter  in  the  gland  cell 
the  stimulation  of  the  metabolic  fibres  must  remain  without  effect. 

The  influence  of  fatigue  in  decreasing  the  solids,  but  particularly 
the  organic  solids,  discharged  by  the  submaxillary  gland,  on  stimula- 
tion of  the  chorda  tympani,  had  already  been  shewn  very  conclusively 
by  the  much  earlier  experiments  by  Ludwig  and  Becker',  as  may  be 
seen  by  glancing  at  the  subjoined  statement  in  which  the  numbers 
1,  2,  3  and  4  in  the  first  column  indicate  the  order  in  which  the  sam- 
ples were  obtained. 

TABLE    SHEWING    DECREASE    OF    SOLIDS    IN    SUBMAXILLARY    SALIVA 

OF  DOG  ON  CONTINUED  STIMULATION  OF  THE   CHORDA  TYMPANI. 

(LUDWIG  AND  BECKER) 


Number  of 
eample. 

Qoftntity  of 
Bsliva  in 
grammes. 

Organic        Inorganic 
residue.          residue. 

Total 
residue. 

1 
2 
3 

4 

5-188 
13-812 
11-744 

17-812 

1-12       !       0-61 

1-07       1       0-61 

•93             0-67 

■58             0-64 

1-73 
1-68 
1-62 
1-22 

In  the  above  experiment  a  decrease  of  the  organic  matters  of 
the  saliva  under  continued  stimulation  is  observed  ;  in  a  subsequent 
experiment  by  the  same  authors,  it  was  found  that  the  mineral  or 
inorganic  constituents  of  the  saliva  exhibited  almost  as  remarkable  a 
diminution,  falling  from  075  per  cent,  to  0'48, 

Character3  of  submaadllary  saliva  secreted  on  stimulation  of  the 
Cervical  Sympathetic. 

Stimulation  of  the  cervical  sympathetic,  or  of  the  filaments 
proceeding  from  this  nerve  to  the  submaxillary  gland,  leads  in  the 
dog  to  a  very  scanty  secretion  of  alkaline,  very  viscid  and  extremely 
thick  saliva,  containing  a  large  quantity  of  solid  matter,  chiefly 
mucin.  Whilst  the  specific  gravity  of  submaxillary  saliva  of  the  dog, 
secreted  under  the  influence  of  stimulation  of  the  lingual  nerve,  was 


1  Ludwig  and  Becker,  ZeitMchrift  f.  rat  Med.  N.  F.  1  (1851),  p.  278. 
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found  by  Eckhard  to  be  1004*6.  that  flowing  on  stimulation  of  the 
STinfAthetic  had  a  specific  gravity  of  lOlo'G.  The  amount  of  solid 
matter  iu  the  sympathetic  saliva  of  the  dog  was  found  by  Eckhard* 
to  be  2'7  per  cent,  by  Heidenhaiu  sometimes  to  be  as  much  as 
3  74  and  5'86  per  cent  On  loug-continued  stimulation,  Hcidenhaia 
found  that  the  solid  matters  decreased  so  that  the  saliva*  acquired 
the  characters  of  that  secreted  under  the  influence  of  stimulation 
of  the  chorda  tympani.  This  is  in  accordance  with  the  f*icts  given 
above  with  regard  to  the  gradual  exhaustion  of  the  mesostate  of  the 
glnnd-cells. 

Langley  has  shewn  that  the  effects  of  stimulating  the 
chorda  tympani  and  sympathetic  of  the  cat  are  different 
from  those  observed  in  the  case  of  the  clog.  Tn  the  cat, 
sympathetic  saliva  is  in  most  cases  less  viscid  than  the 
chorda  saliva.  Moi-eover  whilst  atropin  paralyses  the  chorda 
necretioa  in  tlie  dog,  leaving  the  sympathetic  secretion  unaltere<1,  in  the 
cat  it  paralyses  the  sympathetic  secretion  as  well  as  that  of  the  cho^da^ 
From  this  it  would  appear  that  relatively  more  secretory  fibres  run  by 
^v  tfyui]Mitbetic  in  the  cat  than  in  the  dog. 

The  following  analyses  shew  the  usual  diflerence  in  peroentage  oom- 
[•wition  between  chorda-  and  sympathetic-saliva  in  the  cat  (Langley*). 


Differences 

la    effect     of 

vnu  la  Gat 
udDor. 


I. 


(1)    Saliva  obtained  by  weak  stimula-  ) 
tion  of  the  left  sympathetic  / 

5  nigrm.  atropin  given  ;  saliva  ob-  | 
tamed  by  strong  stimulation  of  V 
right  sympathetic  J 

TT. 

Sttliva  obtained  by  stimulating 
chorda,  shocks  fairly  felt  by  tip 
of  tongue 

Saliva  obtained  by  somewhat 
stronger  utimulation  of  sympa- 
thetic * 


ofo™^^     ^oU^*"    P^^^tU 


sabfttanoes. 
0-353 

0-525 


0-426 


0-442 


0-454 


0-865        0-339 


of  solids. 
0-795 

0-979 


1-205 


0-275         0-701 


'  Rrkhaid,  *  Ceber  die  Untcrschiede  des  Trigeminuii-  and  SympathicaBspeichelfl  der 
ItcrkiefcrdruM  des  Hundes.'     Bcitriitje  zur  Anat.  h.  Phtjs.,  Vol.  ii,  p.  205. 
^  HeideDhfltQ,  •  Phyaiologie  der  Absondenmgsvorgiinge.'     Hermaon*R   llandhucK 
Vol  ».  Vnsi  i.  p.  48. 

*  Laugtey.  'Ou  the  Pliyaiology  of  the  SaUvary  Secretion.  Part  i.  The  influence  of 
tU  Chorda  Tympani  and  Sympathetic  Nvrves  upon  the  secretion  of  the  sub-maxillary 
^Und  of  the  Cat/    Jourval  of  Phytiulogtj,  Vol.  i.  {1H7H),  p.  11*3  tt  teq. 

*  Langley.  'On  the  Physiotogy  of  toe  Salivary  Becretion.'  Port  m,  Journal  of 
Ph^tioh^*  Vol  VI.  p.  t»2. 
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Ckaraciera  of  so-called  '  Paralytic '  SuhnuncHlary  Saliva. — 
'  Antilytic '  seci'etion. 

It  was  painted  out  by  Claude  Bernard'  that  after  the  nervi 
influence  had  been  cut  off  from  the  submaxillary  gland,  a  very  watery 
saliva  is  continuously  poured  out.   This  so-called  *  paralytic  '  secret 
occurs  if  the  chorda  tympani  alone  has  been  divided, 

Heidenhain'  in  a  most  interesting  investigation  on  this  subj 
discovered  the  very  remarkable  fact  that  when  the  chorda  tympani 
divided  there  follows  a  continuous  secretion  from  both  subnaaxillary 
glands,  although  the  secretion  is  more  abundant  on  the  side  on  which 
the  section  has  been  made.  Whilst  the  term  '  paralytic '  may  be 
applied  to  the  secretion  flowing  from  the  gland  whose  connexion  with 
the  nerve  centres  has  been  severed,  we  may  in  accordance  with 
Langley's  suggestion'  call  the  secretion  which  is  set  up  on 
opposite  side  of  the  body  the  anti-pur  at  y  tic  or  '  antilytic  '  secretion. 

Lantjley's  researches^  which  have  corroborated  and  extended  01 
knowledge  of  the  facts  discovered  by  Heidenhain,  seem  to  render  it* 
certain  that  the  tlnw  of  saliva — both  paralytic  and  antilytic — which 
follows  section  of  the  chorda  tympani  on  one  side,  is  primarily  due 
to  a  change  set  up  in  the  secretory  centres  which  arc  situated  in  the 
brain  and  which  result  in  u  continuous  stimulaiiou  of  both  glands,  the 
stimuli,  in  the  case  of  the  paralytic  flow,  travelling  along  sympathetic 
fibres,  whilst  in  the  case  of  the  antilytic  secretion  they  presumably 
pursue  both  courses  open  to  them.  The  change  in  the  nor%'e  centres 
brought  about  by  section  of  the  chorda  appears  to  be  of  the  nature  of 
an  incroiLse  of  their  excitability ;  this  is  supported  by  the  fact  that  in 
the  altei-etl  condition  induced  by  nerve  section,  a  state  of  dys- 
pnoea induces  an  increase  in  the  flow  of  saliva  not  observed  when 
the  nerves  are  intact. 

The  fact,  however,  that  a  paralytic  secretion  persists  even 
the  submaxillary  gland  has  been  entirely  severed  from  its  connecti 
with  the  central  nervous  system  negatives  the  idea  that  the  secreti 
is  entirely  dejwndent  ujw^n  it,  and  the  hypothesis  which  has  been 
framed  in  order  to  account  for  tlie  facts  is  that  the  paralytic  secretio: 
in  its  later  stages,  depends  upon  an  excitation  of  the  local  no 
centres  situated  in  the  gland  itself 

The  hypothesis  is  supported  by  the  fact  discovered  by  Vulj)ian' 
that  pilocai-pin  causes  a  secretion  from  the  submaxillary  gland  fo 
teen  days  after  section  of  the  chorda  and   sympathetic  nerves, 
well  as  that  apn<»a,  dyspnoea  and  aufesthetics   affect  the  secreti 

1  Bernard,  Journai  ilf  VAnntomii'  et  de  la  PhtfiiitUofjie,  Vol.  i.  (1864),  p.  507. 

^  Hoideuhain.  *Ikitrage  zur  Lebre  von  der  &i)eiobelBeorctiou.'    StuJicrt  (Um  pi 
Jnttihitt  zu  JiTfslau,  Heft  iv.  (1868),  p.  73. 

^  J.  N.  Langle^T,  *0n  the  Physiology  of  the  Salirair  Secretion.*    Part  iii. 
Paralytio  Secretion  of  Saliva.'    Journal  of  Phyaiolofjy,  Vol.  vi.  p.  71. 

*  Valpian,  CompUs  lieniluji,  T.  87  (1878),  p.  360. 
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in  a  manner  which  is  only  intelligible  by  assuming  that  these  act 
through  a  nerve  centre. 

Langley  has   found  that  'injection  of  dilute   salt 
solution  in   moderate  quautity   increases    the    rate   of 
secretion  of  saliva  with  a  given  stimulus,  the  percent- 
age of  salts  in  the  saliva  rising  nesirly  normally  ;  and 
that  injection  of  dilute  salt  solution  in  larger  quantity 
increases  further  the  salivary  secretion  with  a  given  stimulus,  but  in 
this  saliva  the  percentage  of  salts  rises  much  less  than  normally,  and 
may  even  fall'. 

Langley  investigating  the  action  produced  when  a 
weak  solution  of  sodium  carbonate  is  introduced  into 
the  blood,  arrived  at  the  conclusion  that '  the  injection 
considerably  increases  the  rate  of  secretion  obtained  by 
a  stimulation  of  given  strength  of  the  chorda  tympani  V 

4    Sublingual  Saliva. 


KM  of  in- 

■It      MlUtlOD 

tBtoUfl  blood. 


Utetof  in- 
Jvetlac  Into 
tte   Uood    a 
ipir  cent, 
tttitla   of 


According  to  Heidenhain',  the  sublingual  saliva  of  the  dog  forms 
a  viscous  mass  to  which  the  term  fluid  can  scarcely  be  applied,  and 
'^hich  bears  a  resemblance  to  frog's  spawn.  Sublingual  saliva  is  free 
from  ttll  turbidity,  being  perfectly  tranaparent  and  clear.  It  gene- 
fallv  contains  a  large  number  of  amoeboid  corpuscles.  The  '  para- 
ijtic'  Baliva  of  the  sublingual  gland  is  abt^ut  as  viscous  as  the  normal 
thorda-saliva,  and,  therefore,  very  different  in  character  from  paralytic 
submaxillary  saliva 

''The  very  Wscous  condition  of  subltngnal  saliva  is  the  result  of  a 
kind  of  '  clotting'  of  the  saliva.  When  the  chorda  tympani  is  stimulated 
uiadog,  the  sublingual  saliva  obtained  is  usually  not  especially  thick,  but 
lUftiiUort  time  it  turns  to  a  jt^lly,  aud  a  little  cleai'  watery  fiuid  may  be 
l««tted  ouu  When  the  *  jelly'  is  obtained  from  tlic  duct,  it  is  probably 
^nm  the  saliva  lias  clotted  there  (Ldtugley  *y 

The  only  analyses  of  sublingual  saliva  with  which  the  author  is 
iicquainted  are  four  made  by  Werther  atid  a  single  one  by  Langley 
and  Fletcher.  Werther,  as  the  result  of  a  research  undertaken  under 
the  liirection  of  Heidenhain,  has  drawn  attention  to  the  remark- 
Abljr  iu  teres  ting  fact  that  the  extraordinary  viscidity  of  Rublingual  as 
coatrasted  with  submaxillary  saliva  does  not  depend,  as  had  been 
rormised,  on  its  containing  a  much  larger  proportion  of  organic  solids 
»nd  especially  of  mucin,  for  the  amount  of  water  in  sublingual  saliva 

*  }.  N.  Lftogloy  and  H.  M.  Fletcher,  *  On  the  Secretion  of  Salira.  Chiefl;  on  the 
■n«ioD  of  6&lt«  in  it.*  Philmophical  TraiuacthriM,  VoL  180  (1889)  B,  pp.  109—154. 
*»p.  129. 

'  I  K.  Lftogl^  and  H.  M,  Fletcher,  Op.  cit.  p.  134. 
'  Heidenhain,  Studifn  (Um  physiol.  InatituU  ru  Bretlau, 

*  Priratfilj  oommonio&ted  to  the  author. 
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fluctuates  approximately  between  the  same  limits  as  in  the  case  of 
the  submaxillar}'  secretion,  and  the  proportion  of  organic  constituents 
in  the  former  is  appreciably  less  than  iu  the  latter.  The  cause  of 
the  greater  viscidity  of  the  sublingual  saliva  is  believed  by  Werlher 
to  be  its  neutral  or  barely  alkaline  reaction,  carbonate  of  soda  not 
occurring  in  determinable  quantity  amongst  its  mineral  conatituents. 
The  viscidity  of  solutions  of  mucin  is  known  to  be  connected  with, 
or  to  depend  upon,  the  alkalies  which  they  contain,  for  if  these  be 
neutralised  the  solutions  become  more  and  more  diffluent  until  the 
point  at  wliich  excess  of  acid  precipitates  mucin.  Whilst  the  organic 
matters  are  in  small  amount,  the  proportion  of  other  salts  and 
especially  of  NaCl  in  sublingual  is  much  larger  than  in  submaxillary 
saliva.  Whilst  the  amount  of  sodium  chloride  in  the  blood  amounts, 
according  to  Sertoli,  to  059  per  cent.,  in  sublingual  saliva  the 
chlorine  present,  calculated  as  sodium  chloride,  corresponds  to  1  per 
cent,  of  tbis  salt. 

Appended  is  a  table  draMm  from  Werther's  memoir  which  exhibit-* 
the  amount  of  the  saliva  of  the  parotid,  submaxillary  and  sublingual 
saliva  collected  in  stated  times,  together  with  the  results  of  their 
analysis  \ 


The  Secretion  or  the  Glaxds  of  the  Mucous  Membrane 
OF  THE  Mouth  and  Tongue. 

Opening  on  the  surface  of  the  mucous  membrane  lining  the 
lips  aud  cheeks  are  certain  compound  racemose  glands,  the  so-called 
labial  and  buccal  glands  ;  iu  addition,  large  numbers  of  glands,  some 
of  which  have  the  structure  of  serous,  others  of  mucous  glands, 
open  on  the  surface  of  the  mucous  membrane  of  the  posterior 
part  of  the  tongue.  The  combined  secretion  of  all  these  glands 
adds  itself  to  the  fluid  poured  into  the  mouth  by  the  salivary 
glands.  We  have  not,  unfortunately,  any  reliable  information  upon 
the  character  of  the  mixed  secretion,  much  less  as  to  that  of  any  o; 
of  these  sets  of  glands. 


i 


The  only  researches  which  have  been  carried  out  on  this  subj' 
have  consisted  in  preventing  the  secretions  of  the  salivarj'  glands 
from  reaching  the  mouth,  either  by  ligature  of  their  ducts,  or  by 
causing  them  to  discharge  their  contents  externally,  and  exaxntning 
the  secretion  then  present  in  the  mouth. 

Under  these  circumstances  the  mouth  has  been  found  to  be  un- 
usually dry,  and  a  small  quantity  of  tough  mucus  is  secreted. 
Bidder  and  Schmidt'  found  tliis  to  have  the  following  composition: 


^  Morit?.  Werther,  'Einigc  Beobacbtungen  liber  die  Absondcrong  der  BaUa  in 
Speichel'  (Ans  dem  physioloRucheo  lastitnt  za  Dreslau).  Pdiifter'B  Arrhiv,  Vol.  8^ 
(18S6),  p.  293. 

*  Bidder  ftud  Schmidt,  quoted  by  KUlme  {Lthrbtich  der  Phy$iolo;fuchen  Ckemif,  p. 
10),  uid  by  Maly.  The  author  lias  been  unable  to  discover  the  original  aouioe,  a«  it 
does  not  ooout  in  thu  olasBioal  work  by  theee  Authors  entitled  Die  Verdtmmiff  nach 
Vtrtnchtn. 
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Organic  matters  soluble  in  alcohol  1*67 

„  „        insoluble       „  2*18 

Salts    containing   obiefly   Bodiuni] 
chloride  and  phosphate  f 

According  to  Jacnbowitsch^  this  fluid  has  no  diastatic  action. 

The  glands  of  the  mucous  menibraue  covering  the  tongue  of  the 
frog  secrete  a  viscid  liquid  endowed,  according  to  Lupine,  with 
diastatic  enzyme. 

Sect,  3.     The  Dtastattc  Enzyme  of  Saliva  and  the  Actios 

WHICH   IT   EXERTS   UPON   StARCH. 

Historical  Sketch, 

It  was  Leuchs'  who  ascertained  that  when  saliva  is 
mixed  with  starch  it  gradually  dissolves  it  with  the 
formation  of  a  body  which  possesses  the  reactions  of 
grape-sugar.  Schwann*  connrmed  this  discovery,  the 
truth  of  which  soon  received  general  assent,  though  the  great  majority 
of  scientific  men  declared  themselves  of  tho  opinion  that  in  the 
living  organism  the  saliva  could  not  exert  this  action  to  an  appre- 
ciable extent,  and  that  its  function  depended  essentially  upon  its 
watery  character  aiding  gustation^  mastication  and  deglutition', 

RMearchea  In    IH'^a    Miaihe*  discovered    that    when    filtered 

ofMiaiiiB.  human   saliva  is   mixed    with   five   or   six   times    its 

weight  of  absolute  alcohol,  a  small  quantity  of  a  flocculent  body  is 
deposited,  which  he  collected  and  dried  at  the  temperature  of  the 
air.  This  body  he  found  to  be  insoluble  in  strong  alcohol,  but 
partly  soluble  in  water  and  very  weak  alcohol.  He  discovered  its  re- 
markable property  of  converting  boiled  starch  into  sugar,  and  from 
the  resemblance  to,  indeed  the  apparent  identity  with,  the  amylolytic 
ferment  which  Payen  and  Persoz  had  lately  separated  from  germi- 
nating barley",  he  apphed  to   it  the  name  of  animal  or  salivary 

'  Virchow  in  Ann.  d.  CfiariU.     Berlin,  1W58. 

'  Leaoha,  KABtner's  Archii\  1831,  quoted  by  Frerichs  in  hia  article  'Verdaaoog' 
in  Wagner's  IlandworUrbuch  d.  Phytiol.,  Vol.  in.  Part  i.  p.  7(>B. 

*  Schwann,  PoggondorETB  Anruilcn,  Vol,  icxxviii.  p.  358. 

*  Constilt  Frerichs's  brief  sketch  of  the  history  of  tliis  snbject  (see  note  2). 

*  Mialbe,  *Do  la  Digestion  ct  de  rAsBimilAtion  des  MatiCirea  ftucrC*eH  ot  AmiloTd««.* 
ComptfM  Rendu*  deu  »€ance»  de  VAcadfmif  d«  Scienett.  Vol.  xx.  Part  l.  p.  964.  It 
moBt  be  romcmbcTDd  that  long  before  the  reBearohe^i  of  Payen  and  Perfloz,  Kirchhof  b«d 
obeerrod  that  in  the  process  of  malting,  a  eagar  is  produced.  Consult  Brown  and 
Heron.  'ContributionB  to  the  History  of  Starch  and  its  Transformations.'  J&um.  Chem. 
Stfc.,  Vol.  ixxv.  p,  506  et  seq. 

*  Payen  et  Persoz,  '  Mt'moire  but  la  Diastase,  et  les  principanx  Produits  de  aw 
Reactions.'  CompUa  Rendiu,  and  AnnaUt  de  Ckimie  et  de  Physique,  Vol,  htii.  (ISSS)* 
p.  73. 
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diastase.  He  annoimoed  that  one  part  of  thia  body  was  able  to 
convert  2000  times  its  weight  of  starch  into  sugar. 

Early  in  the  century  (1811)  Kirchof  discovered 
that  when  starch  is  boiled  with  dihite  sulphuric  acid  a 
sugar  is  formed,  and  that  the  same  change  occurs  in  the 
process  of  malting,  by  the  action,  as  he  thought,  of  the 
vegetable  albumin  upon  the  starch. 

It  was  soon  found  that  in  this  process  a  gum-like  body  was 
produced  which  was  subjected  to  investigation  by  Biot  and  Persoz, 
and,  because  of  its  optical  properties,  denominated  by  them  dextrin. 

The  latter  body  was  discovered  to  bean  isomer  of  starch,  and  the 
sugar  formed  was  supposed  to  be  identical  with  grape-sugar,  which 
was  considered  to  differ  from  starch  merely  by  containing  one  molecule 
of  water  in  addition.  The  view  which  came  to  be  generally  enter- 
tained was  the  following :  that  the  first  stage  in  the  action  either  of 
dilute  acids  aided  by  heat,  or  of  diastase,  consisted  in  the  transforma- 
tion of  starch  into  its  isomer,  dextrin;  the  second  in  the  transforma- 
tion of  dextrin  into  grape-sugar. 

ReM&rdies  Tlie    view    that   the   sugar    generated    under    the 

of  Dubrunfaut  action  of  diastase  upon  starch  was  an  isomer  of. 
and  o'SoUiTUL  j^^j  identical  with,  grape-sugar  was  contended  against 
on  maltose.  ^^  jg^^  ^^  Dubrunfaut',  who  recognised  it  as  a  new 
sugar,  to  which  he  gave  the  name  of  Maltose.  Subsequent  ela- 
borate investigations  of  O'SulUvan*  established  Maltose  to  be  an 
isomer  of  cane-sugar,  possessing  a  very  ditferent  crystalline  form, 
reducing  power,  and  rotatory  power  to  grape-sugar,  and  still  more 
recent  researches  have  shewn  that  Maltose  is  generated  not  only 
under  the  influence  of  diastase  upon  the  starches  but  also  of  the 
diastatic  ferments  of  the  saliva  and  pa&creas^ 

B— carchi  The  assumed  identity  in  the  reactions  which  take 

of  Unflcnlm.  place  when  dilute  sulphuric  acid  and  when  diastase  act 
on  a  warm  solution  of  starch  was  shewn  by  Musculus  to  be  false. 

Wlien  diastase  acts  ui>on  starch  the  process,  according  to  Musculus, 
is  one  not  of  mere  hydration  but  of  decomposition,  in  which  the 
starch  molecule,  which  he  supposes  to  be  of  great  complexity,  splits 
up  into  a  dextrin  and  a  sugar  (which  he  afterwards  admitted  to  be 
maltose);  a  further  action  causes  the  dextrin  formed  to  split  up  again 
into  a  less  complex  dextrin  and  sugar,  the  process  being  repeated 
until  ultimately  there  result,  as  products  of  the  reaction,  a  certain 
amount  of  dextrin  which  has  resisted  the  influence  of  the  diastatic 
ferment,  though  it  is  convertible  into  sugar  by  warm  dilute  acids. 

»  Dabrunfflut,  Ann.  Ch.  Phys.  Ser.  3.  Vol.  xxj.  p.  178. 

■  0*SaUi\'ao,  Journal  of  the  Chemical  Society,  'ind  Ser.,  VoL  X.  p.  679. 

■  V.  Mering  and  Musculua,  •Ueber  <Uu  Einvrirknug  von  Hpeichel-  and  Pancreas* 
fenneDl  aof  Oljoogeu  uud  Stiirke.'  Zeitwhrift  f.  pbyjiiolog.  Chemit^  Vol.  i.  (1878). 
p.  90&-     AUo  '  Bin  B«itrag  zur  Chemie  der  Starke.'     I&id.,  Vol.  u.  p.  177. 
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Hot*  reotnt  The  researches  of  Brown  in  conjunction  with  Heron' 

JJJ**"^****  ^     and  with  Moms'*  subee*^uentlv confirmed  and  extended 

j^^j^  those  of  Musculus  and  his  co-workers,  and  have  thrown 

additional  light  upon  the  complex  chemical  structure 

of  the  starch  molecule. 


• 


Attempts  to  separate  the  Diastatic  Enzyme  of  Saliva. 

The  metbuda  employed  by  Alialhe  in  his  attempts  to  isolate 
diastatic  principle  of  the  saliva  have  been  referred  to  (p.  36). 

cohnheim'i  Subsequently  Cohnheini*  employed  the   following 

mfttbod.  method : — 

The  mixed  saliva  of  man  is  strongly  acidulated  with  phosphoric 
acid,  and  lime-water  added  nntil  the  reaction  is  alkaline  and  a  copious 
precipitate  of  Ca,PO,  is  obtained.  This  precipitate  carries  down  all 
the  proteids  and  all  the  diastatic  ferment  which  the  saliva  containa 
On  treating  the  precipitate  with  water,  it  dissolves  the  ferment 
which  is  precipitated  by  alcohol  in  the  form  of  white  flocculi,  which 
when  dried  in  vacuo  yield  a  nearly  colourless  powder  containing 
some  alkaline  phosphates.  From  the  latter  it  can  be  purified  by 
repeateil  solution  in  water  and  precipitation  with  alcohol.  The  body 
at  last  obtained  is  nitrogenous ;  it  is  easily  soluble  in  water,  and  its 
solution  possesses  in  a  marked  manner  tlie  diastatic  power  of  the 
original  saliva.  The  solution  is  said  not  to  exhibit  the  xantho-proteic 
reaction ;  it  is  not  precipitated  by  solution  of  mercuric  chloride. 
platinum  tetrachloride,  by  tannin  or  by  nitric  acid,  but  by  neutral 
and  basic  lead  acetates. 

Theso  reactions  appear  to  shew  that  the  diastatic  ferment  of 
the  saliva,  whatever  its  exact  nature,  does  not  possess  the  pro- 
perties of  a  proteid  body. 

In  the  case  of  animals  whose  saliva  is  endowed  with 
aniylolytic  properties  (e.g.  the  pig),  the  enzyme  may  be 
exti'ucted  from  the  finely  divided  salivary  glands  by 
digestion  in  glycerin.  From  its  solution  in  glycerin 
the  ferment  may  be  precipitated  by  alcohol,  and  it  may 
afterwards  be  dissolved  in  water. 


Mparation 
of  &  dUsUtlc 
remi«nt  Crom 
t&6  tluue  of 
tba  saUTary 
glondfl. 


'  Brown  and  H«ron,  'Contributions  to  the  History  of  Staroli  and  ita  Transfonna- 
HonH.'     Jaumal  of  th^  Chemical  Socuty,  187H  [Tramartions),  p.  596. 

3  Brown  and  MorriB,  '  On  the  Non-co't^tuUitmble  products  of  tho  action  of  DiaBt&M 
upon  Htaroh,'  Jvurnai  of  the  Chemical  Socirty.  lK8o  {Transact iotu),  p.  527, 

*  Brown  and  Morris,  *  The  Determination  of  the  .Molecular  Weight  of  the  Carbo- 
hydrates,' Jounuil  of  tht  Chtmicai  Society ^  1B80  {Tramuctioru),  p.  46*2. 

*  Cohnheixu.  'Zur  Ktinninlss  der  znckerbildcnden  Fermente.'  Virchow'a  Anhiv, 
Vol.  Mvui.  (1865),  p,  241. 


F 

I     '7b%  pure  There  caa  be  no  doubt,  however,  that  neither  by 

uuc    far-    Mialhe's  nor  by  Cohnheim's  method  is  it  possible  to 
t  yt  nn-    obtain  the  pure  salivary  ferment.     In  this  case  as  in 
**"■  that   of    all    other   unformed    fermouts,    our    methods 

«rely  enable  the  experimenter  to  obtain  substances  or  extracts  which 
in  an  intense  degree  the  activity  of  the  glands  or  juices  which 
«ld  them. 

^rief  outliiie  of  the  Changes  v)hich  Starch  undergoes  under  the 
influence  of  the  Salivary  Ferment. 

When  saliva  acts  upon  unboiled  starch  grains,  it  exerts  for  a  long 
e  uo  action  upon  it;  in  order  to  insure  any  conversion  of  the 
xTiboiled  starch  contact  must  be  prolonged  for  days.  The  changes 
xvLich  occur  when  saliva  acts  upon  boiled  starch  have,  by  the 
researches  of  Musculus  and  v.  M<.'hring  and  of  H.  T  Brown,  been 
ihewn  to  be  similar  to,  and  apparently  identical  with,  those  which 
diastase  produces. 

?r«p*r»tion  lu  investigating  the  action  of  saliva  or  any  other 

Mi»M  *°*^f^^^    liquid  which  contains  a  diastatic  ferment  it  is  conve- 
«Mti-pt»te       nient  to  be  provided  with  a  well-made  starch-paste, 
teoyttUnaii-  This  is  best  made'  by  using  pure  potato-starch.  The 

WnupoMs.  potato-starch  is  well  washed  with  water,  and  treated 
successively  with  a  very  dilute  solution  of  potassic  hydrate  and  a 
1  per  cent,  solution  of  hydrochloric  acid  ;  it  is  then  washed  with 
■^atcT  until  the  last  trace  of  acid  has  disappeared  and  dried  at  2o'C. 
A  portion  of  tliis  starch  is  thoroughly  mixed  in  a  mortar  with  cold 
Wrter,  and  the  thick  liquid  then  poured  with  constant  and  rapid 
ug  into  Iwiling  water  and  the  process  of  boiling  continued  for 

0  or  three  minutes. 
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The  most  auitable  quantity  of  starch  to  be  used  per  100  o.c.  is,  accord- 
ing lo  Brown  and  Heron,  from  3  to  5  grammes,  according  to  Dr  Roberts, 
1  ghinmie.  The  standard  starch  mucilage  used  in  the  process  of  '  diastaai- 
tnetry  •  of  this  author  is  of  the  latter  strength. 


Conversion  of  Gelatinous  into  Soluble  Starch  (Ami/lodejdrin), 


The  first  step  in  the  action  of  the  ferment  upon  gelatinous  starch 
ttJDsists  in  the  conversion  of  the  latter  into  soluble  starch,  an  action 
which  is  accompanied  by  the  liquefaction  of  the  paste. 

ThU  liquefaction  takes  place,  at  a  suitable  temperature,  with 
wircme  rapidity  (almost  instantaneously),  providing  the  quantity  of 
ferment  be  sufficient 

The  soluble  starch,  which  is  the  first  product  of  the  action  of 
diaatatic  ferments,  is,  like  insoluble  starch,  coloured  blue  by  iodine. 

.*  Brown  and  Heron.    Op,  cit.,  note  1,  p.  601. 
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It  is  precipitated  firom  its  soJutious  by  tannic  acid  and  by  alcohol. 
The  property  of  being  precipitated  by  tannic  acid  permits  of  the 
separation  of  soluble  starcli  from  the  dextrins  and  maltose  which  are 
formed  at  further  stages  of  the  reaction. 

By  adjusting  the  proportion  of  diastatic  ferment  to  starch-paste 
and  testing  sufficiently  soon>  it  will  be  discovered  that  at  a  certain 
stage,  lic|uefactiou  has  been  the  only  result,  neither  dextrins  nor 
sugar  being  yet  present. 


Production  of  Erythrodexirins  and  Sugar. 

When  the  ferment  has  acted  longer  upon  starch  solution,  iodiujB 
produces  a  violet  or  red  colour.  At  the  same  time  the  solution 
found  to  contain  dextrins  and  a  sugar.  By  adding  tannic  acid  to  t! 
solution  if  violet,  the  yet  undeeooipofied  soluble  starch  is  precipitated 
and  then  a  liquid  of  a  more  or  less  deep  red  colour  is  obtained.  This 
liquid  coutaius  a  body,  or  bodies,  isomeric  with  starch,  precipitable 
from  the  solution  by  the  a*ldition  of  alcohol,  and  to  the  product  of 
precipitation  the  name  of  erythrodextrin  has  been  given.  It  has  been 
sunnised  that  more  than  one  erythrodextrin  exists.  That  a  definite 
body  erythrodextrin  actually  exists  appears,  however,  very  doubtful. 
the  reactions  which  were  held  to  prove  its  existence  being  explainable 
on  the  hypothesis  that  it  is  a  mixture  of  varying  quantities  of 
altered  starch  with  achroodextrin  and  maltose. 

Er^'throdextrin,  or  the  mixed  product  so  named,  is  soluble  in 
water,  precipitable  from  its  solution  by  alcohol,  but  not  by  tannic 

The  sokition  is  coloured  red  by  iodine. 

When  erythrodextrin  is  subjected  to  the  further  action  of 
diastatic  fennent  it  is  decomposed  into  two  isomeric  dextrins  of 
different  reactions,  termed  achroodextrin  and  maltodextrin,  and  into 
maltose. 


pTodnction  of  Achroodexti^in,  MaltodextHn  and  Maltose. 


I 


When  a  starch  solution  is  subjected  at  a  suitable  temperature 
the  prolonged  action  of  a  diastatic  ferment,  the  clear  solution  is  found 
not  to  be  coloured  red  by  iodine,  but  to  assume  a  yellow  tinge, 
which  becomes  gradually  fainter  until  no  colouration  is  produced  by 
the  reagent.  This  is  the  so-called  *  achromic  point 'of  Dr  Roberts. 
By  causmg  a  large  quantity  of  diastatic  enzyme  to  act  upon  a  suffi- 
ciently dilute  starch  mucilage,  the  whole  of  the  stages  of  the  trans- 
formation, culminating  in  the  achromic  point,  can  be  brought  about 
almost  instantaneously. 

Dr  Roberts's  experiments  have  led  him  to  the  con- 
clusion that  the  diastatic  activity  of  saliva  increases 
with  rise  of  temperature  up  to  about  SO"*  C,  and  that  it 
continues  steady  from  this  temperature  to  about  45" C. 
aud  then  declines,  being  finally  extinguished  between 


^H     1 
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65' and  70*.     The  salivary  enzyme  would  appear  to  lie  influenced  b}' 
temperature  exactly  as  the  diastatic  enz}^me  of  the  pancreas. 


Influence  of 
the     quantity 
of    eaiyme 
present  on  t2ie 
amoont     of 
tftarcb     con- 
reztad. 


In  the  case  of  the  diastatic  enz}Tnc  of  the  pancreas 
Roberts  has  shewn  that  the  aiuylolytic  work  done  by  a 
given  solution  containing  it  is  strictly  proportional  to 
the  quantity  of  it  set  in  action ;  in  other  words,  the 
amouQt  of  the  standard  starch  mucilage  which  can  be 
changed  to  the  ' achromic  pohtt*  in  a  given  time  and  at 
a  given  temperature,  varies  directly  as  the  quantity  of  the  solution 
employed.  Tliis  law  appears  to  hold  equally  well  in  the  case  of  the 
salivary  enzyme. 


Influesce  of 
XhM  quantity 
o(  mynM  on 
Uu  time  occu- 
pltd  la  the 
tmufonaa- 
tloa 


Within  certain  limits  the  time  occupied  in  effecting 
the  trausformation  varies  inversely  as  the  quantity  of 
the  enzyme  or  enz}Tiiic  solution,  i.e.  double  the  quantity 
of  au  enzyme;  and  the  transformations  will  occur  in 
half  the  time. 


ThfitTidenoe  When  alcohol  is  added  to  a  starch  solution  subjected 

oftheexutence    to  the  action  of  ptyalin,  or  t(j  that  of  any  other  diastatic 

ofTanoaipro-    ferment,  at  any  stage  of  the  process,  there  is  thro>vn 

down  a  precipitate  which  is  composed  of  a  mixture  of 

dextrins,  whilst    the   filtrate  contains  nialtose.     At  different  stages 

of  the  fcmieut-process,  the   solution   exhibits  changes  in  its  power 

of  reducing  cupric  oxide  (as  determined  by  boiling  a  given  volume 

of  it  with  Fehlmg's  solution),  and  in  its  power  of  rotating  the  plane 

of  polarised   light,  the   former  increasing  and   the  latter  diminish- 

mgasthe  process  proceeds;  similarly  the  products  which  can  be  i)re- 

cipitated  at  various  stages   differ   in   their   reducing   and   rotatory 

In  iiiTestigating  the  soluble  products  of  the  action  of  a  diastatic 
fmynie  on  a  starch  solution,  at  luiy  particular  stage  of  the  process,  »i 
^'wvn  volume  of  the  filtered  solution  is  concentrated  by  evajx>ration  in 
^  wator  bath,  and  absolute  alcohol  is  then  luldccl  in  such  proportion  as 
^  furnish  a  mixture  containing  alx)ut  95  per  cent,  of  aljsolute  alcohol. 
%  thia  procedure  the  dextrius  present  are  entirely  precipitated,  and  their 
*(DOimt  determined  by  collecting  them  on  a  weighed  tilter,  washing  witli 
»^«oIul«  alcohol,  diying  at  100"  C.  and  weighing.  The  alcoholic  tiltrate, 
wiiich  contains  the  whole  of  the  maltose,  is  evaponited  to  drynesi*,  the 
f^due  dissolved  in  distilletl  water,  iuid  the  amoaut  of  sugar  determined 
U)  liy  Fehlings  solution,  preferably  by  weighing;  the  oxide  of  copper 
fontniil :  (6)  by  means  of  tlie  Polarimeter.  The  foUow-ing  is  an  examj^le 
(ttken  from  a  memoir  by  Dr  Lea')  which  iWustrates  the  accui'acy  with 
<*^lucU  by  careful  experimenting,  the  amounts  of  the  products  can  be 
liBteniuned. 


Sheridan  Lea,   *A  Comparatire    Study  of   Artifloial    and   Natoral   Digestion. 
0/  Pk^tioloffy.  Vol.  XI.  1890.  p.  234. 
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3 '41 2  grammes  of  starch  boiled  in  lOOcc  of  water  were  digested  at 
40* C.  ^nth  100 c.c.  of  dilute  human  ftfJiva  for  151ioiii-a,  and  theii*  products 
subjected  to  the  pi-eviousl^  described  process  : 

3*412  grammes  Btarch  yielded  0*505  grammes  dextrin 

2-838         „        maltose 


3-343 

Whilst  the  nature  and  characters  of  the  sugar  which  is  produced 
are  not  the  subject  of  dispute,  considerable  divergence  of  opinion  ex- 
ists as  to  the  number  and  the  character  of  the  individual  dextrius 
which  are  the  ultimate  products  of  the  action  of  a  dio^itatic  ferment 
i>n  starch.  The  most  recent  researches  on  the  subject,  by  Bro^v^l  and 
Morris,  have  led  these  observers  to  the  conclusion  that  the  physical 
and  chemical  properties  of  the  ditfereut  dextrins  precipitable  at 
several  successive  stages  of  the  process  may  be  accounted  for  on  the 
supposition  of  their  being  mixtures  of  maltose  with  one  definite 
aciirnodextrin  which  is  entiivly  free  from  reducing  power  and  which 
has  a  sp«:!cific  rotation  {a)D—\di"'H  and  (a)j  =  2l(r.  The  above 
dextrin  was  obtained  in  a  state  of  freedom  from  maltose  by  sub^ 
jecting  it  to  the  action  of  Knapp's  reagent,  viz.  heating  it  with^H 
solution  of  cyanide  of  silver  in  solution  of  sodium  hydrate.  ^^ 

Biaitodexxrin.  Iq  addition  to  this  achroodextrin  and  maltose,  and 
hanng  properties  which  more  nearly  resemble  the  latter  than  tbe 
former,  there  occurs,  at  least  \inder  certain  circumstances,  a  body 
first  obtained  in  an  impure  condition  (i.e.  contaminated  with  mal- 
tose) by  Herzield,  which  is  possessed  of  reducing  powers,  whose 
specific  rotation  is  for  (a)J  =  li>3  1  and  for  (a)  j[)  =  174''5  ;  to  this 
body  Brown  and  Morris  retain  tbe  name  of  maltodextrin  ascribed  to 
it  by  Herfeld. 

This  rjuestion  cannot  be  answered  with  complete 
precision.  Brown  and  Heron'  have  shewn  that  the 
diastatic  ferment  of  pancreatic  juice  possesses  the 
property,  which  is  not  possessed  by  malt-diastase,  of 
transforming  a  small  proportion  of  maltose  into  dex- 
trose, when  the  action  is  prolonged.  Reasoning  on  the 
ground  uf  the  apparent  identity  of  the  actions  of  the  Salivary  and 
Pancreatic  diastatic  ferments  in  their  mode  of  action  on  starch,  we 
should  be  inclined  to  surmise  that  the  ultimate  products  resulting 
from  the  two  ferments  would  be  the  same.  It  must  be  stated,  how- 
ever, that  in  his  research  Lea  did  not  obtain  evidence  of  the  forma- 
tion of  any  sugar  but  maltx^se. 


Is  Malto89 
Uie  only  Sugar 
produced  by 
the  action  of 
BaUra  on 
Starcti? 


*  BroH-n  aDd  Heron,  'Some  Observations  upon  tbe  Uydrolytic  FermenU  of 
Pancreas  and  sraall  Intestine.'    Proceedings  of  the  Royal  Soeiety^  1880,  p.  Stttt, 
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The  following  list  exhibits  the  products  of  the  action  of  diastatic 
ferments  on  starch,  with  certain  of  their  distinguishing  characters. 
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"Dextrose  being  the  substance  of  which  the  reducing 
power  was  £n}t  determined,  it  may  be  taken  as  the  standard 
to  which  to  refer  all  other  carbohydrates,  the  cuprio  oxide 
reducing  power  being  the  aiuount  of  cupric  oxide  calculated 
for  dextrose  CgH,,0^,  which  100  i>arts  reduce.  Thus  the 
cupric  oxide  reducing  power  of  dextrose  being  100,  that  of 
maltose  is  65,  and  that  of  milk  sugar  70. 

*  ThiB  paagraph  la  taken  verbatim  from  Miller's  Eli^ment*  of  Cftemistry,  edited  by 
Annttrong  and  Mr  Oroves.    5th  Ed.  (1980)  Vol.  m.  p.  568. 
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CUPRXC  OXIDE  REDUCING  PROPERTIES. 


The  Qupric  solution    employed,   which   is   usually   termed    Fehlin^M 

Bolution,  is  prepared  by  dissolving  34*639  grammes  of   pure  ciystallisedl 
cupric   sulphate  in  about  200  c.c.  of   water,  aud  in  another  vessel   17S 
g^rammes   of   pure   potassic   sodic   tartrate — so-called    RocheUe   salts — iiM 
480  cc.  of  ft  solution  of  pure  sodic  hydrat*^  of  specific  gravity  1*14;  the 
first  solution  la  then  added  gradually  to  the  second,  and   the   dee(>-blu9 
coloured  clear  fluid  ia  diluted  to  1000  c.c.     It  must  be  kept  in  a  cool,  darXe 
place,  in  well-closed  hottlea,  filled  to  the  top,  as  the  action  of  light  or  the 
absorption  of  carltonic  anhydride  would  lead  to  the  separation  of  cuprouH 
oxide  on  mere  exposure  to  heat.     Before  using  the  solution,  mix  10  c,  c.  of 
it  with  40  c.c.  of  water,  and  boil  tbe  mixture  for  some  minutes;  if  this 
produces  the  least  change,  and  causes  the  separation  of  even  the  smallest 
quantity  of  cuprous  oxide,  the  solution  is  unfit  for  use.     Of  this  solution  , 
|$5 — 30  c.c.  ai"e  poured  into  a  beaker  of  130 — 140  c.c.  capacity,  together 
with  about  50  c.c,  of  boiling  well-boiled  water;  the  beaker  is  then  placed 
in  a  water  bath,   whicli  is  kept    boiling,  and   at   the   end  of  five  or  sii 
minutes,  when  the  dihite  copper  solution  has  acquired  as  nearly  as  possible 
the  temperature  of  the  bath,  ii  known  quantity  of  the  solution  to  be  tested 
is  added,  and  the  heating  coutiiuied  for  twelve  or  fourteen  minutes.     If 
the  blue  colour  completely  disappeai-s  in  the  first  three  or  four  minutes,  it 
can  Ixj  restored  by  adding  quickly  more  copper  solution,  but  if  two  or 
three  additions  be  necessary  to  insure  an  excess,  the  experiment  must  be 
sacrificed,  and  a  fresh  one  made  with  a  smaller  quantity  of  the  carbo- 
hydrate solution.     Satisfactory  results  cannot  be  obtained  unless  this  pre- 
caution be  adopted :  the  numbers  generally  falling  too  low  with  uolutioos 
of  maltose  or  the  glucoses,  and  too  high  when  dextrin  is  also  pretient,  if  the 
amount  of  cupric  solution  employed  be  not  from  the  first  iu  excess.     After 
thirt+>cn  or  fourteen  minutes  heating,  the  precipitated  cuprous  oxide  is 
rapidly   filtered   out,   waahed   with    boiling,    well-boiled   watei*,  dried,   and 
.ignited  in  the  usual  way;  strong  ignition  in  an  open  |>orcelain  crucible  for 
■five  or  six  minutes  comjiletely  converts  the  cui*rous  into  cupric  oxide,  and 
treatment  with  nitric  acid  is  unnecessary. 

The  time  of  heating  above  mentioned  gives  the  true  reduction  for 
dextrose  and  maltoHe,  and  the  quantity  of  cuprous  oxide  precipitated 
remains  con-stant,  even  if  the  heating  be  continued  for  twenty  minutes; 
but  if  the  solution  in  addition  contains  dextrin,  tbe  reduction  becomes 
greater,  owing  doubtlesH  to  the  slow  conversion  of  the  dextrin  into  sub- 
stances capable  of  acting  upon  the  cupric  solution  (O'SuIUvan,  Jmcm,  Cfmiu 
Soc.  1876,  II.  130).  • 

The  cupric  oxide  reducing  power  is  often  determined  volu metrically, 
with  the  preWoualy  mentioned  Fehling's  solution,  of  which  10  c.c.  corre- 
spond to  0"06  grammes  of  dextrose.  10  cc  of  the  cupric  solution  and  40  c.c. 
of  water  are  heated  in  a  water  bath  kept  boiling,  and  the  highly  dilute 
solution  of  the  carbohydrate  is  added  in  small  quantities  from  a  burette, 
until  the  blueish-green  colour  of  the  sohttion  entirely  disappears.  Although 
concordant  results  niuy,  with  great  care,  be  obtained  by  this  process,  the 
jjolarimetrical  method  is  far  more  reliable,  and  involves  very  little  more 
trouble  in  its  execution."  


The  products  It  is  true  of  all  enzymes  that  tbe  substances  whiOT 

of    ferment-      result   from   their  action   as  they  accumulate  in   the 
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lAtion  Mt  pre-  medium  in  the  act  of  fermentation,  gradually  slow,  and 
^J**"'^  ultimately  arrest  the  specific  process,  which  may  be  re- 
ufl  find  to  stored  to  its  original  intensity  more  or  less  completely 
tnwtit.  by  dilution,  or  still  better  by  separating  the  soluble 

ferment  products  by  diffusion.  In  order  to  accomplish 
the  latter  object,  the  process  of  digestion  has  been  carried  out  in 
specially  constructed  dialysers,  such  afi  those  which  we  owe  to 
Kronecker  (Fig.  2),  and  that  of  Sheridan  Lea,  shewn  in  the  accom- 
pviying  figures  (Fig.  3).     In  Lea's  apparatus  the  digestive  process  is 


EAO]IZCK£B*i   APF4AATCS    FOR   THE    HBPARATION    BY   DULTBIB  OT  THS   FBODnCTI 
or    blOBSTlON. 
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carried  on  in  a  tube  of  parchment  paper,  which  is  surrounded  b      - 
litiuid  which  is  kept  at  a  constant  temperature,  the  tube  being  a' 


Flo.  S.    Db  Sheridan  Lea's  Appabatub  kob  bkpaaatiko  by  ukavs  of  dialtbis, 

PB0DUCT8   or    DtOCSTlON,    AND   FOIt   KBCPnia  THE    DIOEflTTVK    MIXTURE    IN    XOTtOM. 

subjected  to  a  continuously  recurring  movement,  so  as  to  imitate  as 
nearly  as  possible  the  conditions  which  exist  in  the  alimentary  canal. 
"  By  means  of  this  apparatus  a  distant  and  incomplete  approxi- 
mation to  two  of  the  more  important  conditions  under  which  normal 
digestion  takes  place  may  be  realised,  viz.,  continuous  movement  and 
removal  of  digestive  products.  The  substance  to  be  digested  is 
placed  inside  the  dialyser-tube  (i)  together  with  the  digestive  fluid  ; 
(^f)  is  filled  up  to  the  level  of  the  tubulure  (c)  with  a  fluid  similar  in 
composition  to  that  which  is  in  (i)  but  minus  any  ferment,  and  the 
contents  of  (17)  and  (i)  are  maintained  at  any  desired  digestive 
temperature  by  means  of  the  current  of  water  M-hich  flows  through  (a). 
Finally,  the  dialyser-tube  is  kept  in  constant  motion  by  the  string 

"The  mixing  of  the  contents  of  (»)  is  very  perfect,  waves  wluch 
might  almost  be  called  '  peristaltic  '  running  up  the  flexible  walls  of 
the  dialyser-tube  each  time  it  is  suddenly  lowered  after  its  more 
gradual  ascent.     The  removal  of  the  digestive  products  is  on  the 
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baad  incomplete  and  falls  far  short  of  the  activity  of  the  removal 
r:3cij!tiDg  in  normal  digestion,  for  it  is  dependent  merely  upon  the 
B.iifusibility  of  the  products.  In  the  \xx\y,  on  the  other  hand,  we 
tifive  now  every  reason  for  regarding  the  absorption  of  prothicts  as 
id  ependent  primarily  upon  a  specific  selective  activity  of  the  epithelium 
iLxxiiiig  the  alimentary  canal,  and  not  merely  upon  the  physical 
^properties  of  the  substances  to  be  absorbed.  So  far,  however,  as 
iliffasiou  is  the  only  obvious  means  at  our  disposal  for  romoving  the 
digestive  productSi  the  dialyser  above  described  is  extremely  etfi- 
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Tlie  Sur^ar  which  results  frtrni  the  action  of  Saliva  on  Starchy 

MALTOSE. 

However  large  the  quantity  of  diastatic  enzyme  present  in  a 
starch  solution  and  however  favourable  the  circumstances,  under 
ordiBary  circumstances,  in  vitro,  the  conversion  into  maltose  does  not 
|)r(xxred  beyond  a  certain  point.  The  tendency  of  all  such  transfor- 
laaiioDs  is  to  proceed  at  first  speedily  and  to  attain  a  point  of  equi- 
librium beyond  which  further  progress  is  relatively  very  slow.  This 
of  equilibrium  in  the  case  of  starch  acted  upon  by  malt  extract 
i^'  the  conditions  in  which  Brown  and  Heron  experimented  was 
:hed  when  the  mixed  products  pos-sessed  a  specific  rotation 
162'6,  and  a  reducing  power  k  =  49'3,  properties  which  cor- 
i  to  a  mixture  composed  of 

Maltose  809 
Dextrin  191, 
id  which  might  be  expressed  by  the  reaction 

10  CjjH^  +  8  H,0  =  8  C^^H^  +  2  C^^H^ 
St&rch  M&ltose  Dextrin 

however  shewn  that  if  conditions  resembliug  those  which 

prttamedly  exist  in  the   alimentary  canal  be  realized,  viz.  if  the 
jolution  of  starch  be  not  too  concentrated,  if  the  diastatic  ferment  be 
tive  and  the  sugar  formed  removed,  there  i**  no  such  limit  to  the 
Wsforraation   of  starch   as  indicated  by  the   above   equation  so 
conversion  into  sugar  tends  to  be  complete. 

j^^^  Maltose,  for  which  the   terms   amyline  or  starch- 

•Joutote.         sugar  have  also  been  proposed,  crystallises  from  water 

or  alcohol  in  white  crusts  composed  of  fine  needles.     It 

very  soluble  in  water,  but  much  less  so  in  alcohol.     It  is  isomeric 

cane  sugar,  but  its  crystals  possess  one  atom  of  water  of  crystal- 

-ion  (C„H^O   -i-H,0),  which  is  expelled  at  100'  C. 

Maltode   \&   dextro-rotatory  and   like   glucose   reduces  Febling's 

ttion. 

&h«ridui    Lea,   *A   Comparative    Study   of    ArtifioUl  and  Natural  Digeation.' 
«/  (./  Phytioloffif,  Vol.  XI.  (law>,  p.  227  et  t^.). 


W  MAtTOSE;    ITS  PROPERTira;  [BOOK^H 

It£  higher  optical  activity  and  smaller  reducing  power  as  com-1 
pared  with  glucose  is  cxbibited  below.  ^m 

Reducing  Power.      Optical  Aotirity.  ^| 

Glucose  100  53'  ■ 

Maltose  65  +150°  ■ 

Maltose  is  easily  and  completely  fermented  by  yeast     When  a1 
mixture  of  maltose  and  sucro-dextrose  or  glucose  is  fermented,  thi  I 
whole  of  the  former  is  said  to  disappear  before  the  latter  is  touched".  1 
When  heated  for  o  hours  with  very  dilute  sulphuric  acid,  maltose 
yields  983 — 9S*9  of  its  weight  of  dextrose.  i 

By  the  action  of  dilute  sulphuric  acid  upon  maltose  at  tempeiA 
tures  between  80^  and  90''  C,  there  is  obtained,  as  the  only  proau^J 
a  dextrose  having  the  specific  rotation  (a)^'=  68^*65,  and  a  cupdH 
reducing  power  of  IQO'.  ^M 

W^hen   boiled   with  a  sulution  of  potassium  or  sodium  hyditJ^ 
solutions  of  maltose  react  as  solutions  of  dextrose,  assuming  a  yellow 
amber  colour  which  gradually  deepens  into  a  dark  yellowish  brown  ^ 
the  process  of  boiling  is  continued.  ^M 

Similarly,  maltose  resembles  dextrose  in  its  behaviour  when  boilW 
with  a  solution  of  sodium  carbonate  and  basic  bismuth  nitrate,  or 
bismuth  carbonate  ;  the  bismuth  is  reduced  and  the  powder  suspended 
in  the  liquid  becomes  brown. 

With  Phiinyl-hydrozin  NH,-NH(C^H^)  maltose,  like  the  other 
true  sugars,  forms  a  compound ;  a  so-called  phenyl-maltosazon,  which 
separates  in  clusters  of  yellow  crystals  ;  the  compound  which  consists 
of  two  molecules  of  maltose  and  two  molecules  of  phenyl-hydrazin, 
has  the  composition  C„Hg,N^Oj,:  is  soluble  in  about  75  parts  of  hot 
water  and  melts  at  about  20G  *,  ^Vhilst  in  its  melting  point  this 
compound  resembles  the  analogous  glucosazon,  C,^H^N^O.  (which 
melts  at  205  C),  which  is  fonued  by  the  action  of  phenyl-hydrazin 
on  grape  sugar,  it  is  distinguished  from  it  by  the  fact  that  the 
latter  compound  is  almost  insoluble  in  water. 

In  order  to  obtain  thia  interesting  compoimd  of  Phenyl-liydrazin  and 
maltose  the  general  process  employed  in  tbe  preparation  of  all  the  osazones 
is  followed.  Diaaolve  2  grammes  of  j>henyl-hydrazin  hydrochloride  with 
twice  its  weight  of  sodium  acetate  in  20  c.c.  of  distilled  water. 

To  a  fairly  concentrated  solution  of  maltose  add  an  equal  volume  of 
this  solution  and  )»Uice  the  mixture  in  a  water  bath,  keeping  it  at  100*  C 
for  half-au-hour.  The  liquid  aasumea  a  yellow  colour  and  if  sufficiently 
concentrated  commences  to  deposit  the  crystalline  maltosazone;  on  alh 

^  The  rotatory  power  of  glucose  solutions  varies  with  their  concentration  and 
perature,  diminishing  as  tbe  concentration  is  Less  and  vice  versa  (Tollens). 

*  Miller's  CkemUtry,  Vol.  m.  p.  613. 

*  Brown  and  Heron,  Op.  cit.,  p.  620.  

*  £mil  Fischer,  'SynthesoQ  in  der  Zuckergnippe.'     Berichu  d.  deuUeK  ehem, 
QttelUchaft.    Berlin,  ISiH)  (No.  12),  S.  2119. 
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ing  it  to  cool  the  deposit  increases  in  amount 
Insters  of  yellow  crystals  are  observed. 


Under  the   microsoope 


When  boiled  for  a  short  time  with  a  sohition  of  cupric  acetate 
oontaining  free  acetic  acid,  maltose  does  not  reduce  it,  whilst  glucose 
under  the  same  circumstances  partially  reduces  the  solution. 

km        Barfoed*8  Reagent,  which  is  employed  as  a  ilistinguishing  test  between 
1  maltose  and  dextrose,  is  a  solution  of  1  pai-t  of  cupric  acetate  in  15  parts 
1  o(  wuter;  to  200  c.o.  of  this  solution  5  c.c.  acetic  acid,  of  38  }>er  cent,  are 
Mtd. 


Tlieontical 
ftm  u  to 
the  leuon  of 
Ouiatic  ter- 
Bkenti  on 
itireh. 


From  the  facts  which  have  been  enunciated  it  has 
been  surmised  by  Musculus  and  Gruber'^and  by  Brown 
and  Heron,  that  starch  is  a  polysaccharide  ha\ing  a 
formula  (C„H,aOj^)^.  which  under  the  iulluence  of 
hydr<^lytic  agencies  undergoes  successive  hydrations  and 
decompositions. 


As  a  result  of  their  researches,  Brown  and  Heron  described  a 
«eries  of  erythrodextrins  and  achroodextrins,  of  graduall}'  diminishing 
roulecnlar  weight,  which  they  believed  to  be  formed  during  the  process 
i»f  (liastatic  hydrolysis,  each  complex  dextrin  splitting  up  into  a 
mtijecule  of  maltose  and  a  molecule  of  a  dextrin  of  smalTer  molecular 
Weight,  and  of  less  complexity.  The  more  recent  researches  of  Brown 
in  coDJunction  with  Morris  have  not  however  confirmed  this  hypothe- 
as.  According  to  these  researches  all  the  intermediate  products 
wbich  may  be  seimrated  from  a  solution  of*  starch  which  is  being 
»cted  upon  by  a  diastatic  ferment,  may  be  accounted  for  as  compounds 
of  a  non-reducing  dextrin  with  maltose.  At  the  same  time,  as  has 
been  alreatly  mentioned,  there  appears  under  certain  circumstances  to 
be  formed  a  body  termed  malto-dextrin  which  stands  in  near  relation 
to  the  non-reducing  dextrin  and  to  maltose,  and  which,  under  the 
uifltience  of  a  diastatic  enzyme,  readily  yields  maltose. 

Brown  and  Moiris  believe  that  the  molecule  of  starch  cannot  coiisist  of 
1««  than  an  aggregation  of  5  times  the  molecule  <C|^H^,0|  J,.  They  would 
'Vfoweut  the  starch  molecule  us 

(C-'.H„0,.). 
(t-',.H„0,.), 

ruder  the  action  of  a  diastatic  ferment  the  complex  molecule  gradually 
■■degnuied,  by  successive  removals  of  the  ternary  groups. 

The  removal  of  each  (C„H^O,„)g  group  is  accomplished  prior  to  its 


'  Voseoliu  a.  Grubor,  *Ein  Beitrag  zor  Cbemie  der  Stiirke.' 
Om.,  VoL  n.  pp.  177—190. 

G. 
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complete  hydration,  the  ternary  compound  being  eplit  off  in  the  form  of 
multo-dextrin,  when  one  of  its  8ul>group8  haa  been  hydrated,  thus  : — 


(C,.H„0,.), 


H.O 


One  of  the  five 

ttm&rr  groupn  con- 

alituthig  the  bypotheticftl 

Btarch  molecule. 


f  C,.H„0„ 
1(C„H„0„.), 
M  alto*  dextrin. 


Under  the  influence  of  fresh  diastatic  ferment,  acting  under  favourable 
condition«,  malto-tiextrin  readily  undergoes  the  change  indicated  in  the 
following  ecjuution  : 


f  C,.H..O„ 
Malto-dextrin. 


4.2H3O 


3C,H. 


.0. 


Maltose. 


These  hypotheses,  advanced  to  explain  the  action  of  malt  extract  on 
starch,  will  apply  mutatis  mutatulis  to  the  changes  induced  by  any  diaatatic 
enzyme. 

of     certain  Carbolic  add,  unless  when  present  in  the  proportion 

poisonous  of  5  per  cent,  of  the  starch  jelly,  does  not  interfere  with 

affeau  on  dia-  the  diastatic  action  of  saliva. 
static  actloiL 

Salicylic  acid  possesses,  on  the  contrary,  a  much  more  powerful 
action.  According  tu  Julius  Miiller*,  salicylic  acid  in  the  proportion 
of  0*2  per  cent.,  retards  the  action  of  saliva  upon  starch-paste,  whilst 
in  the  proportion  of  1  per  cent,  it  arrests  it.  Although,  therefore, 
susceptible  in  a  high  degree  to  the  action  of  salicylic  acid,  the 
diastatic  salivary  ferment  is  not  so  much  so  as  diastase,  as  will  be 
again  referred  to  in  the  sequel. 

Some  poisons,  as  ai-senious  acid',  possess  no  power  of  influencing 
the  diastatic  ferment  of  saliva ;  others,  such  as  hydrocyanic  acid, 
possess  this  power  ouly  in  a  feeble  degree  and  when  present  in  large 
quantities. 

Is  the  dia-  Although  the  ultimate  products  of  the  action  of 

static  ferment  the  diastatic  ferment  of  saliva  and  vegetable  diastase 
of  the  saliva  appear  to  be  identical,  there  are  lacts  which  conclusively 
M^^SlrtaM?    P^*^^^  ^^^  individuality  of  these  two  bodies. 

The  following  arecertain  points  of  diflference  between 
malt-diastase  and  salivary  ferment. 

1.  Malt-diastase  acts  powerftiHy  upon  starch  through  a  wide 
range  of  temperatures;  its  activity  is  greatest  at  60°  C,  and  then 


^  Miiller,  'Ueber  die  antiseptischen  Eigenscbaft«n  der  tialicylsaure,  gegendber  der 
Carbolsaure.'    Joum.f.  prakt,  Chtmie,  New  ser.,  Vol.  x.  p.  45. 

^  SchiifGr  and  Buhm,  '  Ueber  den  EiBiluss  des  Arsena  anf  die  Wirkoug  der  ungo- 
formten  FenoCDte.'  Virftandl.  d.  phynk.-med,  Ge$elUch.  in  Wiirzburg,  N.  F.  YoL  in. 
p.  238. 
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oommences  to  decline,  not  being  entirely  destroyed  till  the  tempera- 
ture approaches  80'  C. 

It  has  been  shewn,  however,  by  O'SuIlivan  and  by  Brown  and 
Heron  that  the  changes  which  arc  brought  about  by  malt-diastase 
aie  influenced  in  a  very  marked  manner  by  temperature. 

The  range  of  temperature  at  which  the  sjalivary  ferment  acts 
most  powerfully  is  according  to  Roberta  very  wide,  viz.  from  30° — iS"*. 
According  to  Kjeldahl  the  moat  favourable  temperature  is  4G*^C.* 
The  ferment  is  however  destroyed  when  its  solutions  are  heated  to 
between  65^  and  70"  (Roberts),  Le.  at  a  temperature  10  degrees 
lower  tban  that  which  destroys  the  action  of  malt 

2.  Salicylic  acid  when  present  in  the  proportion  of  0*05  per  cent. 
St  once  stops  all  action  of  raalt-diaatase  upon  starch-paste.  In  such 
proportions,  it  exerts  no  perceptible  action  on  the  salivary  ferment.  It 
w  only  when  present  in  the  proportion  of  O'l  per  cent,  that  the  least 
sloffing  influence  is  perceptible,  and  as  much  as  1  per  cent,  must  be 
present  in  order  to  aiTest  entirely  the  action  of  the  ferment. 


Sect.  4.    Excretion  of  Medicinal  Substances  in  the  Saliva. 


Certain  medicinal  agents,  as  potassium  iodide,  are  excreted  in  the 
salira.  Others  are  not,  e.g.  potassium  ferrocyanide.  Mercury,  of 
which  medicinal  preparations  induce,  under  certain  circumstances, 
profuse  salivation,  has  been  detected  in  saliva. 

It  is  said  that  lead  can  be  detected*  in  the  saliva  of  persons 
ttffering  from  lead-poisoning,  in  whom  salivation  has  been  induced 
bj  iujection  of  pilocarpin.  Under  similar  circumstances  arsenic  has 
not  been  detected. 


Rapidity  of 
Mcntton  of 
ovuin  saiu 
vtQ  iBjeotod 
iBIotiM  blood. 


Langley  and  Fletcher  found  (I)  on  injecting  50  c.c. 
of  a  solution  of  lithium  nitrate  into  the  blood  that  the 
first  drop  of  saliva  secreted  both  from  the  submaxillary 
and  from  the  parotid  gland  shewed  the  lithium  band  in 
the  spectroscope;  (2)  on  injecting  50  c.c.  of  a  solution  of 
potassium  iodide  into  the  blood,  the  salt  was  present  in  all  the  drops 
of  ndiva  after  the  first  six,  appearing  first  in  tiie  submaxillary 
wcretion,  which  flows  more  rapidly  than  the  parotid,  although  the 
qiumtity  of  iodide  was  larger  in  the  parotid  than  in  the  submaxillary 
oliva.  ' 


*  Ktihne,  T^hrhuch,  p.  21. 

>  KjelcUbl* '  Untenmobajngen  Uber  zookerbildende  Fermente.'    Abstracted  from  the 
<>(jpn«]  Swodiib  hy  Hamtnarsten,  Maly's  Jabrethericht,  Vol.  ix.  p.  '6H\. 

*  Poocbet.  'Beoberohe  dee  substanoeB  m^oaixicol«u6eB  et  toxiques  daua  la  Salivo.' 
Cmpttt  Rendu$^  Vol.  Lxxirx.  p.  244. 

'  Langlej  and  Fletcher,  Of.  ciu  pp.  140  and  IfiO. 
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Sect.  6.    Changes  which  the  Saliva  cnderooes  in  Disease. 
Salivary  Concretions. 

From  the  difficulties  and  iuconvenience  which  attend  the  collec- 
tion of  large  quantities  of  saliva  but  little  knowledge  is  possessed  of 
the  changes  which  it  undergoes  in  disease.  Our  information  is 
limited  almost  entirely  to  that  which  relates  to  the  passage  of 
abnormal  ingredients  into  the  secretion. 

Baiiva  In  In  diabetes,  the  saliva,  which  was  formerly  supposed 

diabetes.  ^^  contain  sugar,  is  said  to  be  free  from  sugar,  but  to 

contain  lactic  acid,  and  to  have,  in  consequence,  an  acid  reaction. 

The  Author  has  examined  the  saliva  collected  in  two  cases  of 
diabetes,  after  the  subcutaneous  injection  of  pilocarpiu.  The  first  wa* 
that  of  a  diabetic  passing  large  quantities  of  highly  saccharine  urine, 
and  charged  with  the  acetone-like  body  which  gives  a  re<i  coloar 
with  ferric  chloride  ;  this  patient  succumbed  to  an  attack  of  diabetic 
coma  a  few  days  after  the  examination  of  the  saliva.  The  saliva  had 
a  very  marked  alkaline  reaction.  It  contained  no  trace  of  sugar.  It 
contained  a  trace  of  sulphocyanates. 

In  a  second  case  of  diabetes,  in  a  woman,  the  saliva  had  likewise 
a  very  marked  alkaUue  reaction.     It  contained  no  trace  of  sugar. 

These  two  observations  are  in  contradiction  to  the  usual  statement 
that  the  saliva  of  diabetics  is  acid. 

sauvft  In  The  colouring  matters  of  the  bile  and  the  bile  salts 

Jaundice.  ^^  generally  stated  not  to  occur^  in  the  saliva  of  per- 

sons with  jaundice.    According  to  Fenwick.  however,  their  presence 
may  be  detected  in  certain  cases'. 

sauva  in  In  diseases  of  the  kidney  the  amount  of  albumin  in 

?^^**  the  saliva  may  be  much  increased,  as  has  been  noticed 

by  Vulpian",  who  examined  the  saliva  of  such  patients 
after  administering  pilocaqjiii.  When  in  such  cases  the  excretion  of 
urea  by  the  kidneys  diminishes,  this  constituent  is  found  iu  saliva  in 
much  larger  quantities  than  normal*. 

Salivary  Concretions. 

Salivary  concretions  occur  in  the  acini  and  in  the  ducts  of  the 
salivary  glands,  as  well  as  in  the  buccal  glands.     Often  they  are  of 

*  See  T.  Jakaoli.  Clinical  IHagnmi$.  TmnBlated  bj  Dr  James  Cagney,  Lvotloo 
1S90,  see  p.  57. 

'  Fenwick,  'Lecture  on  the  presence  of  bile  in  the  Saliva.'  Lancet,  1877,  Vol  n. 
303. 

Fenwick,  Tlie  Saliva  at  a  Test  for  Fuwtional  DUorden  of  the  Liver. 
1887,  seep.  11. 

'  Vulpian,  'Augmentation  dea  mati^res  albaminoldes  dans  la  salive 
nuriqutijt.*     Compte*  liendut.  Vol.  lixxviii,  p.  1165. 

*  Bitter,  abatraoted  in  Male's  Jahresbericht,  VoL  i.  p.  166. 


vet.    LoodoD     I 
3  dee  albom^J 


I  small,  indeed  of  microscopical  dimensions ;  sometimes,  and  then  they 
usiially  occupy  the  ducts  of  the  salivary  glands,  they  are  much  larger, 
being  of  the  size  of  a  pea  and  sometimes  very  much  larger. 

The  larger  salivary  concretions  are  round  or  oval,   smooth   or 

rough,  sometimes  of  a  white,  and  sometimes  of  a  yellowish  grey 

colour,  usually  homogeneous,  and  pulverisable.     Sometimes  they  are 

bArd  and  stratified,  rarely  they  exhibit   a  radiated   structure  and 

_  osiCSR  a  visible   nucleus.      Rarely,  when   powdered,  they  exhibit 

cTjBtftlline  fragments.     When  treated  with  dilute  mineral  acids,  the 

mineral   salts   of  the   concretion  are  dissolved,  leaving  an  organic 

auun.    Such  concretions  usually  occur  singly  in  the  duct  of  one  of  the 

glands,  though  more  rarely  several  (as  many  as  ten)  are  found.    They 

■weigh  as  a  rule  from  1*5  to  2  grammes,  exceptionally  as  much  as 

U  or  4  grammes,  and  occur  most  frequently  in    Wharton's   duct ; 

in  ibe  parotid  they  occur  about  ten  times  leas  frequently  than  in 

the  submaxillary  gland,  and  ia  the  sublingual  gland  they  are  still 

rarer'.'     According  to  Kiihne,  salivary  concretions  usually  contain 

the  salivary   diastatic    ferment,   so    that    when    powdered    they   act 

energetically  upon  starch. 

The  following  tabular  statement*  exhibits  the  results  of  analyses 
of  salivary  concretions  by  various  observers: 
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Wright. 

T.  Bibra. 

Lecanu. 

Beuon. 

Golding- 
Bird. 

CoDstitueaU  in 

lOU  parts. 

, 

(1) 

(2) 

(3) 

13-9 

20 

1& 

2 

Cilcium  carbonate 

81-3 

79-4 

80-7 

„      ph(»sj>hate 

4-1 

50 

4*2 

38-2 

75 

55 

75 

MAgnwium  phosphate 

— 

— 

— 

51 

1 

— 

SolaMe  salts 

6-2 

4-8 

5-1 

381 

— 

' 'fs^iiiic  mattei-3 

7-1 

8'5 

8-3 

50 

25 

23 

^iiu-r  and  loss 

1-3 

2-3 

1-7 

6-3 

— 

Tartar  of  the  Teeth, 

The  tartar  of  the  teeth  is  in  great  part  composed  of  salts  which 
have  been  deposited  from  the  saliva,  and  it  therefore  has  much 
reaemblance  to  salivary  concretions.  The  tartar  occurs  usually  in 
masses  which  are  of  a  yellowish,  greenish  or  brown  colour.  Besides 
aits  they  contain  mucus,  squamous  epithelium  cells,  and  long  filaments 
of  Leptothrix  buccalis,  all  of  which  are  rendered  evident  if  a  little 
of  llie  jwwdered  concretion  be  treated  with  dilute  hydrochloric  acid 
•fid  the  residue  be  examined  microscopically. 

'  Hofmaiui.  Lehrbuch  dtr  Zoochtmie,  Wien,  1879,  p.  146. 

>  Gorap-Bnaxiez,  Lehrhuch  dtr  physioloQitchen  Oumie,  4th  Ed.  (1878),  p.  476. 
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It  is  said  that  the  composition  of  the  tartar  of  the  incisor  teeth 
differs  from  that  of  the  molar  teetli,  the  latter  containing  mueh 
larger  tjuantities  of  phosphate  of  iron  uud  more  silica. 

The  tartar  is  as  stated  above  in  great  part  produced  by  the 
precipitation  of  the  salts  of  the  saliva ;  in  part  nowever  it  is  produced, 
doubtless,  by  the  precipitation  of  lime  and  iron  salts  of  the  ftwd 
through  the  agency  of  the  alkaline  phosphates  contained  in  the 
saliva. 

The  following  are  analyses  exhibiting  the  composition  of  Tartar 
(Vergnes^). 


T&rt&r  of  the 

Tartar  of  Molar 

Inoiaor  Teeth. 

Teeth. 

Phosphate  of  calcium 

63-88       62-56 

55-11        C312 

Carbonate         „ 

8-48         812 

786         8-01 

Phosphate  of  iron 

272         0-82 

12-74         4-01 

Silica 

0-21         0-21 

037        0-38 

Alkaline  salts 

014 

031 

Organic  matter 

2409       27-98 

24-40       2401 

Sect.  6.    Lieections  for  the  Quantitativk  Analysis  or 

Saliva. 


coUeotiotL  When  it  is  thought  desirable  to  examine  saliva  of 

man,  care  should  be  taken  to  collect  it  an  hour  or  two 
after  a  meal,  and  the  precaution  should  be  taken  to  have  the  mouth 
thoroughly  rinsed  out  with  water. 

Since  the  discovery  of  the  powerful  sialagogne  action  of  jaborandi 
and  its  active  principle  pilocarpiu,  a  suhcutaueous  injection  of  the 
latter  would  usually  be  employed  in  obtaining  saliva  from  the  human 
subject  for  analysis.  Within  ten  minutes  after  such  an  injection 
salivation  occurs  so  as  to  admit  of  considerable  quantities  being 
collected. 


Proceed  as  directed  in  Vol.  i.  p.  26. 


Determlna- 
tlon  of  reac- 
tion. 

Dewmuna-  This  should  be  effected  by  means  of  the  bottle 

tlon  of  Bpeclfio     y^j    j   p   174) 
gravity.  -    •  f -         }- 

Detennln*.  •     t-  i    •        i 

Hon  of  water,  Proceed  exactly  as  indicated  m  the  case  of  bh 

total      Boiids    using,  however,  20  c.c.  of  saliva, 
and  salts. 


^  Vergnes.  Du  tartrt  dentaire,  Paris,  1869,  8vo.,  quoted  by  Gaatier.  Cltimif  phytio- 
loffique.  Vol.  It.  p.  281. 
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BEJ. 


Det«rmi2ui- 
c^«D  Of    Pro- 


Dttftnniiui-  A  known  weight  (30 — 50  grina.)  of  filtered  saliva  is 

oif  mucin    treated  with  a  few  drops  of  acetic  acid.     Mucin  is  pre- 
apitbA-    cipitated;  it  may  be  collected  on  a  weighed  filter, washed 
with  absolute  alcohol   and  thou  vnth   ether,  and   the 
p-ombined  weight  of  filter  and  mucin  determined. 

All  saliva  contains,  as  has  been  said,  some  proteid 
bodies  in  solution.  As  the  quantity  is  small  and  there 
is  always  some,  usually  a  preponderating  quantity  of 
ucin.  the  determination  does  not  admit  of  great  accuracy.  The 
following  plan  is  recommended,  but  is  only  applicable  when  con- 
siderable quantities  of  saliva  are  available. 

To  50.  or  better  still  100  grms.  of  saliva  add  a  few  drops  of  acetic 
acid;  collect  the  precipitated  mucin,  following  the  directions  given  in 
•the  last  paragraph.   To  the  filtrate  add  at  least  three  times  its  volume 
of  absolute  alcohol,  and  set  aside  the  mixture  for  24  hours.    Collect 
the  precipitate  on  a  weighed -filter,  wash  with  absolute  alcohol,  and 
"  er,  and  then  with  boiling  water.     The  filter  with  its  contents  is 
n  dried,  first  in  the  water-oven  and  then  in  the  air-oven  at  120'C., 
]  weighed  between  watch -ghiRses.      Thus  we  determine  the  com* 
ed  weight  of  the  proteids  and  of  certain  of  the  salts  present  iu  the 
rtion  of  saliva  analysed.     The  filter  and  contents  are  then  ignited 
a  weighed  platinum  capsule,  and  after  the  operation  the  weight  of 
the  ash  left  is  determined.   ( )u  siibtracting  from  the  weight  of  the  pro- 
teids and  ash,  as  found  by  the  previous  operation,  the  weight  of  the 
Mh,  we  obtain  the  weight  of  the  proteids  present. 
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The  presence  of  sulphocyanic  acid  is  established 
by  the  tests  referred  to  at  page  19. 

The  amount  of  sulphocyanic  acid  is  best  deter- 
mined by  the  following  method,  which  was  carried  out 
by  Munk  at  the  suggestion  of  Salkowski^ : — 


A  known  weight  of  saliva  is  evajxirated  to  dryness,  and  an  alco- 
bolic  solution  of  the  dry  residue  is  made ;  this  is  evaporated  to  dryness, 
dissolved  in  water,  and  the  clear  solution  is  precipitated  by  means  of 
iilver  nitrate  and  nitric  acid  ;  the  precipitate  is  washed,  collected  on 
•  filter,  and  dried  at  100*^0. ;  it  is  then  ignited  iu  a  silver  dish,  with 
pure  sodium  hydrate  and  potassium  nitrate.  The  fused  mass  is  dis- 
wlvad  in  water  and  the  solution  is  treated  with  hydrochloric  acid 
Md  barium  chloride,  which  precipitates  the  sulphuric  acid  formed 
bj  the  oxidation  of  the  sulphocyanic  acid.  From  the  weight  of  the 
Urium  sulphate  the  amouut  of  sulphur  originally  present  in  the 
«uli)hi»cyauate  is  ascertained, 

Ooiortoutri-  The  estimation  of  the  amount  of  sulphocyanic  acid 

ttiaeihodB.       in  the  saliva  has  been  usually  carried  out  by  more  or 
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less  accurate  colorimetric  methods,  Le.,  the  amount  has  been  de- 
duced by  comparing  the  intensity  of  the  red  colouration  produced 
by  adding  ferric  chloride  to  a  known  volume  or  weight  of  saliva, 
with  the  colour  produced  under  exactly  similar  conditions  when  the 
same  iron  solution  is  added  to  solutions  containing  known  quantities 
of  sulphocyanic  acid.  By  employing  the  method  suggested  by  Hoppc- 
Seyler  for  the  determination  of  Hiemoglobin,  see  Vol.  I.  p,  182,  close 
approximations  may  be  doubtless  arrived  at  With  the  help  of  one  of 
the  recently  perfected  colorimeters,  as  that  of  Dubos<]ue  or  of  C.  H. 
"Wolff,  still  better  results  would  be  obtained'. 

Bpftctro-  Professor  Vierordt,  employing  the  method  of  spectrt)- 

photometrtcai  photometry  to  the  estimation  of  sulphocyanates,  de- 
metbod.  termined  the  extinction-coefficient  of  sulphocyauide  of 

iron,  and  on  the  assumption  of  its  constancy  and  therefore  of 
the  possibility  of  applying  spectro-photometry  to  the  solution 
of  the  problem,  made  deterraiuationa  of  the  amount  of  sulpbo- 
cyanate  present  in  the  saliva.  Unfortunatel}^  it  has  been  shewn  by 
the  brothers  Kriiss  that  spectro-photometry*  is  not  applicable  to  the 
determination  of  sulphocyanate  of  iron,  inasmuch  as  the  nature  of  the 
compound  formed  varies  within  wide  limits,  and  with  these  variationa 
likewise  varies  the  extinction-coefficient  and,  necessarily  also,  the 
*  absorption-relation.' 


Determination  of  tlie  Diastatic  Value  of  Saliva.    ^  Diastaaimetry. 


It  has  been  said  that  the  enzyme  which  confers  upon  the  sail 
of  man  and  of  some  other  animals  its  diastatic  powers  has  not  been 
separated,  so  that  we  merely  reason  concerning  the  existence  of  the 
body  from  a  knowledge  of  its  powers.  Whilst  we  cannot  estimate  the 
weight  of  the  unknown  body,  we  may  determine  the  enzymic  power 
of  any  liquid  containing  it,  the  latter  doubtless  being,  cceteris  paribus, 
in  direct  relation  to  the  richness  or  poverty  of  the  liquid  in 
body. 


en     1 


the    J 


Principles  of         The  diastatic  value  of  a  liquid,  represented  by 
Robert's     mo-    symbol  D,  may  be  expressed  by  the  volume  in  cubic 
thod    of    dia-    centimetres  of  a  standard  solution  of  starch  mucilage 
which  can  be  transformed  by  one  cubic  centimetre  of 


Btasimetry. 


'  For  a  description  of  this  oolorimeter  consult  'Kolorimetrie  und  quantitative 
Spektral analyse  in  ilirer  Auwcndunj^  in  dcr  Cbcmii*,'  von  Dr  Gerhard  KrUas  und  I^r 
Hujio  Kriifis,  HambuTK  uiid  Leipzig,  1891.  Wolff's  colorimeter  is  sold  by  the  optical 
firm  of  Dr  Huffo  Krii^a  of  Hamturg  for  100  and  IJIO  marks. 

*  Consult  *Ueber  dns  Ab8urj)lions»if.)ektruiii  des  Eiaeurhodanides  und  die  zwificheu 
Ferrisalzen  und  loslicben  Hhodaniden  ^tattbndende  Keaktion,*  at  page  174  of  the  pre- 
vioufily  (jQoted  work  of  thebrotheru  KrUus. 

A  thorough  treatment  of  Spectro-photometry  will  be  found  in  the  2nd  edition  of 
Vol.  I.  of  this  work:  a  shorter  ocoount  on  a  separate  sheet  aooompanies  this  volome 
for  the  use  of  the  reader. 
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the  liquid,  acting  during  live  minutes  at  a  temperature  of  40''C.>  to 
the  so-called  achromic  point,  the  latter  beincr  recognized  by  the  non- 
production  of  any  colour  reaction  on  the  addition  of  iodine. 

Thus  if  we  state  that  in   the  case  of  iiuman  saliva  D  =  10 — 17, 

we  imply  that  1  cubic  centimetre  of  human  saliva  converts  in  a 

period  of  five  minutes  from  10  to  17  cubic  centimetres  of  standard 

starch   emulsiou   to   the   achromic    point,    the    temperature    being 

4(*  C. 


Prepftrttton  Five   giTunnies    of    pure    potato    starch    are    well 

of  BiandArt  stirred  up  into  a  thin  mud  with  30  c.c,  of  water,  and 
*Wch  mud-  t^hjg  jg  xh^j^  poured  in  a  slender  stream  into  470  c.c.  of 
briskly  boiling  water.  The  mixture  is  stirred  and 
allowed  to  boil  for  a  few  seconds.  Standard  starch  mucilage  should 
be  used  when  fresh.  After  being  kept  tor  a  few  days  it  loses  its 
opalescent  appearance  and  slight  mucilaginous  consistency,  and  is 
then  fuund  U)  contain  sugar. 


Pmwratioii 

of    SOluliOD    of 

Iodine. 


The  solution  of  iodine  is  made  by  diluting  one  part 
of  Liq.  lodi  of  the  British  PhaiTnacopoeia  with  200 
parte  of  water. 


Desciiptloa 
of  Uu  ftctii&l 
preoMsofdia- 

ttuUnatry. 


10  c.c.  of  the  standard  starch  mucilage  are  diluted 
to  100  CO.,  and  heated  in  a  beaker  over  a  tlanie  to  from 
40' — 45^  C.  A  known  volume,  say  1  c.c,  of  the  dia- 
staiic  solution  is  then  added  to  the  mucilage,  and  the  time  noted. 
Ttieu  at  intervals  of  a  minute  a  drop  of  the  ensyuiosing  liquid  is 
placed  on  a  whit<5  slab  with  a  drop  of  the  iodine  solutionj  and  the 
time  and  result  of  laat  testing  is  noted.  When  the  athromic  point 
is  reached  the  time  ia  noted,  and  the  interval  from  the  commonce- 
nieDtof  the  experiment  is  computed.  If  at  the  end  of  three  minutes 
the  mixture  still  gives  the  blue  reaction  of  unaltered  starch  a  new 
wperimeut  is  made,  using  two,  three,  or  four  times  the  volume  of 
*lij^«atic  solution.  If,  on  the  other  hand,  the  achromic  point  is  reached 
III  le^  than  two  minutes,  a  new  experiment  is  made,  using  a  smaller 
"lUantity  of  the  extract. 

Two  or  three  experiments  gencrnlly  suffice  to  determine  the 
'i'laatity  of  diastatic  solution  required  to  bring  the  achromic  point 
'Hlhin  a  period  ranging  from  two  to  ten  minutes,  A  final  control 
tx])Griment  enables  the  operator  to  fix  the  achromic  point  some- 
*Lere  between  four  and  six  minutes.  The  accuracy  of  the  method 
'i"p«?D'ls  chiefly  on  the  sharpness  or  precision  \vith  which  the  occur- 
rmce  of  the  achromic  point  can  be  determined.  If  it  occur  earlier 
tliaD  two  minutes  the  transition  is  too  rapid  for  exact  observation  and 
fccoixl.  On  the  other  hand,  if  it  occur  later  than  fifteen  or  twenty 
'uiautes  the  transition  is  too  gradual  for  precise  Hmitation.  The 
'^factory  results  are  obtained  when  the  achromic  point  falls 
•ur  and  six  minutes.      The  following  example  will  serve  as 
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an  illustration  of  the  way  in  which  the  experiments  are  carried  out, 
noted  and  expressed. 

to  C.C.  of  standard  starch  mncilage  -t-  90  c.c.  of  water 
+  0*1  c.c,  of  pancreatic  extract,  at  40' C. 


Time. 

Reaction  witb  Iodine. 

10.30  a.m. 

10.31  „ 

10.32  .. 

10.33  ,, 

10.34  „ 

10.35  „ 

10.36  „ 

Commencement  of  experiment 
Blue. 

Violet 

Brown. 

Yellowish-brown. 

Pale  yellow. 

No  reaction — achromic  point. 

6  minutes 

k 


Uoda  of  c&l- 
culatlnc  tHe 
▼alue  D,  from 
tlie  ruulta  of 
the  above  ex- 
pertmenU. 


In  the  method  of  experiment  which  has  just  been 
described,  the  temperature  and  the  volume  of  starch 
paste,  are  maintained  constant,  the  volume  of  diastatic 
solution,  and  the  time  occupied  by  it  in  effecting  the 
reaction  are,  however,  varied.  To  obtain  the  value  of 
D  we  must  calculate,  from  the  data  obtained,  what 
number  of  cubic  centimetres  of  the  standard  mucilage  would  have 
been  required,  if  the  volume  of  diastatic  solution  had  been  1  cc.  and 
the  time  five  minutes. 

Let  v=volume  in  cubic  oeutiinetres  of  the  diastatic  aolutiou, 
H=time  expressed  in  minutes, 
i)=diastatic  value  according  to  definition;  then 

„     10     5 
V      n 

Ewample.  In  the  experiment  previously  cited  to  shew  the  usual 
course  of  events,  01  c.c.  of  pancreatic  extract  induced  the  achroviic 
point  in  six  minutea, 

then 


^      10      5 


d 


that  is  to  &&}%  1  cubic  centimetre  of  the  pancreatic  extract  used, 
would  at  the  temperature  of  the  experiment  (40"^  C),  in  the  period  of 
five  minutes,  convert  83  cubic  centimetres  of  standard  mucilage  to 
the  achromic  point.  Now,  aa  the  proportion  of  starch  in  the  standard 
mucilage  is  always  the  same  and  known,  viz.  1  grra.  per  100  c.c,  it  is 
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easy  to  calcalate  the  weight  of  starch  which  has  been  brought  to 
the  achromic  point;  we  have  merely  to  diAdde  D  by  100  to  obtain 
the  weight  of  starch  in  grammes,  or  fractions  of  grammes ;  thus  in 

83 

the  above   experiment   -tjit^O'SS  grms.,  being   the  weight  of  dry 

starch  converted. 

b  the  method  of  diastasimetry  which  has  been  described,  almost 
in  the  very  words  of  its  originator,  Dr  William  Roberts  the  reaction 
which  IB  selected  as  the  final  reaction  depends  upon  the  disappear- 
ance of  all  dextrins  which  are  coloured  yellow  by  iodine,  the  solu- 
tion containing  only  maltose  and  a  dextrin  which  give  no  reaction 

^Drith  this  reagent.     Under  the  same  circumstaucea  as  to  temperature, 

^Bbe  reaction  proceeds  with  perfect  regidarity,  and  so  as  to  admit  of 

^B^  accurate  observations. 

^"  "Probably,"  as  remarks  Dr  Roberts,  "the  most  accurate  mode 
of  estimating  the  activity  of  a  diastatic  solution  is  to  ascertain  the 
amount  of  sugar  produced  when  a  given  quantity  of  the  solution  is 
made  to  act  on  a  given  volume  of  a  standard  starch  mucilage,  for  a 
fixed  time,  and  at  a  given  temperature.  This  method  has  already 
been  recognized  by  Messrs  Brown  and  Hernu,  in  their  paper,  '  On 
the  Transformation  of  Starch  by  Malt  Infusions.'  Kyeldahl  has 
deteloped  the  method  to  a  further  point,  and  has  used  it  to  measure 
the  comparative  activity  of  malt  infusions  and  of  saliva." 

The  amount  of  sugar  was  determinetl  in  the  experiments  referred 

J      toby  estimating  the  amount  of  a  standard  solution  of  a  cupric  salt 

^Bxrhicli  could  be  reduced  by  a  known  volume  of  the  sacch:irine  liquid. 

^V  The  diastatic  value  may  also  be  judged  of  in  a  similar  maimer 
by  determining  the  rotatory  power  of  the  liquid  which  has  bt^en 
subjected  to  the  action  of  the  enzyme;  in  order  to  amy  out  this 
method,  it  would  be  necessary  to  separate  the  dextrins  from  the  sugar 
fonoed,  by  the  action  of  alcohol. 


Introductory,    On  the  Structure  of  the  Stomach 
OF  Max  and  CAUxrvonous  Animals. 


The  stomach  consists  of  a  niuscLilar  bag,  the  greater  part  of 
which  is  covered  with  a  peritoneal  investment  which  constitutes  its 
serous  coat,  and  which  is  lined  by  a  mucous  membrane  in  which  are 
imbedded  the  glands  whose  mixed  products  give  rise  to  the  peculiar 
secretion,  the  gastric  juice. 

Tliu  mucous  niombraue  of  the  stomach  is  a  thin  membrane, 
preseutiug  pronilueut  folds  or  rages,  must  abundant  at  its  pyloric 
end,  and  which  disappear  when  the  organ  is  distended.  With  a 
magnifying  glass  the  mucous  membrane  is  seen  to  present  innu- 
n»erable  pits  or  alveoli,  which  are  separated  from  one  another  by 
intervening  ridges^  at  the  bottom  of  which  are  the  open  mouths 
of  the  gastric  glands,  which  are  tubular  glands,  simple  or  compound, 
occupying  nearly  the  whole  thickness  of  the  mucous  membrane. 

In  some  animals,  typically  in  the  dog,  the  mucous  membrane 
does  not  present  one  unilbrm  ajjpearance  to  the  naked  eye,  uor  is  its 
structure  identical  in  all  parts.  In  the  pyloric  region  it  is  less 
vascular,  and  appears  thicker,  though  it  is  here  much  poorer  in 
glandular  Htructures  than  at  the  fundus. 

In  the  stomach  of  all  auimals  there  are  observed  two  seta  of 

f lands,  which  formerly  used  almost  invariably  to  be  classified  by 
luglish  writers,  as  (a)  peptic,  and  (b)  mucous  glands,  to  indicate  the 
view,  then  held,  that  the  first  secreted  gastric  juice,  whilst  the 
second  merely  secreted  mucus.  In  the  dog,  the  former  are  absent 
from  the  pyloric  region,  but  occupy  the  mucous  membrane  of  the 
fundus  and  curvatures  ;  they  are  therefore  often  spoken  of  as  the 
glands  of  the  famius.  On  the  other  hand,  the  other  glands  are 
spoken  of  as  fclie  pyloric  glands.  lu  animals  where,  as  in  the  dog, 
these  two  structurally  different  regions  of  the  stomach  are  observed, 
an  intervening  region,  with  transitional  forms  between  these  two  sets 
of  glands,  has  been  described. 
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CrUndrical 
•pltHeUom  co- 
Ters  Ui«  aire- 
oil  aJid  Inter- 
TenUtf  ndffea. 

being  more 
thelial  cells 

eadotlielium 


The  whole  mucous  membrane  of  the  stomach,  with 
its  depressed  alveoli  and  the  intervening  ridges,  is 
covered  by  cyliudrical  epithelium  cells,  similar  to  those 
of  the  intestinal  tract.  These  epithelium  cells  are 
mucus-forming  cells,  the  outer,  free,  portion  of  the  cell 

or  less  completely  transformed  into  mucin.  The  epi- 
lie  upon  a  basement  membrane  composed  of  apposed 

-like  cells. 


BcsnuTic  Bbpreiirxtatioh  of  a  Olakd  or  the  Fukdcb  op  the  Stomach  tooetbeb 

WTTB   TBZ    LTVPHATICS  AMD    BLOUD-VESBELS   OF  TOE    McCOCS    MeMBRXXE.      (LaXIJOIS.) 

jf  neck  of  the  gland  lined  with  cylindrical  cpitbolinm. 

X  uid  y  ft60ondu7  tubes  lined  with  ovoid  border  cells  and  centric  or  chief  cells, 
a  En  Eiter^  of  the  mucoua  tnembrtino  breaking  up  into  smaller  branobes  and  being 
io  ctpiUuies  ^om  the  which  arise  the  radicles  of  the  vein  r. 

t  de<|)er  and  a  more  Buper^cisd  lymplmtics  of  the  xnacous  nxeT&\)iVCL«. 


62  THE  GLAKDS  OF  THE   FUKDUS.  [BOOK 


The    Ktandi  At  the  fundus  of  the  stomaoh  the  mucous  membrane 

?  ^*  'J^^J^^-    appears  thinuer,  but  it  coiitaius  a  far  greater  amount  of 

ep  c  J      s.     gif^ujuij^y  elements  than  are  found  in  the  pyloric  region. 

The  individual  glands  are  deeper,  and  they  are  separated  from  one 

another  by  a  much  smaller  quantity  of  connective  tissue. 

The    Peptic   glands  are  usually  arranged    in    groups  of   four  or 
five.     The  open  mouths  at  the  bottom  of  the  alveoli  lead  into  ducts 
lined  by  cylindrical  epithelium  ;  "into  each  of  these  ducts  open  t 
or  three  tubes,  the  gland  tubes  proper.*' 

In  the  gJand  tube  we  may  distinguish,  a  somewhat  constricted 
neckt  and  a  main  part  the  bodif,  which  increases  in  width  as  it  pro- 
ceeds towards  the  blind  extremity. 

The  gland  tube  possesses  a  membrana  propria^  or  basement 
membrane,  upon  the  inner  surface  of  which  is  placed  the  secreting 
epithelium,  and  outside  of  which  are  blood-vessels,  lymphatics  and 
nerves. 

It  has  been  said  that  the  epithelium  lining  the  duct  common  to 
several  secreting  tubes  is  columnar;  in  the  glandular  tubes  them- 
selves epithelium  ceils  of  two  kinds  are  observed.  Firstly,  large 
ovoid  cells,  with  oval  nuclei,  less  numerous  towards  the  blind  end 
of  the  gland,  are  seen  lying  against  the  basement  membrane  and 
causing  it  in  acme  places  to  bulge  outwards.  These  are  the  peptic 
cells,  properly  so  called,  of  the  older  English  writers,  the  border  cells 
(Belegzellen)  of  Heidenhaiu',  the  delomorphoiis  cells  of  Rollet,  the 
oxyntxG  cells  of  Langley;  they  do  not  form  a  continuous  layer,  but 
occur  at  intervals.  The  border  cells  are  not  distinctly  granular  in 
the  fresh  state,  but  become  so  on  treatment  with  many  reagents. 

Situated  internal  to  them  and  between  them  are  cylindrical  or 
cubical  cells,  the  so-called  adeloviorphQus  cells  of  Rollet,  which  have 
been  called  *Ilauptzellen '  or  chief  cells  by  Heidenhain,  and  which 
may  most  fitly  be  described  as  the  central  cells  of  the  peptic  glands. 
These  central  cells  are  recognized  as  essentially  similar,  both  in 
structure  aud  function,  to  the  deeper  columnar  or  more  properly 
cubical  cells  which  alone  line  the  interior  of  the  fundus  of  the  pyloric  I 
glands.  Heidenbain*  points  out,  however,  that  the  chief  cells  of  the  ' 
peptic  glands  present  a  coarse  granulation  which  hides  the  borders 
of  the  separate  cells,  whilst  the  cells  of  the  pyloric  glands  contain 
a  much  finer  granular  matter  which  allows  of  their  borders  being 
distinctly  seen.  Ou  account  of  this  aud  of  some  other  differences 
the  border  cells  anfi  the  pyloric  cells  cannot  be  regardetl  as  being 
identical*.  The  lumen  of  the  jjeptic  glands  is  an  exceedingly  narrow 
canal,  and  contrasts  with  the  much  wider  canal  which  penetrates 
the  depths  of  the  pyloric  glands. 


'  Heidenhain,  Arch.  f.  mik.  Anat.  v\.  p.  868,  1870. 
'  Heidenb&in,  Hermann's  liandbuch^  Vol.  v.  p.  101.  1880. 
'  Langley  and  Bewail,  'Changes  in  Pepsin -forming  Cells.'  Proe.  Roy,  Soe.  No* 
p.  386.  1S79;  Journ.  of  Phys.,  Vol.  ii.  299,  1879. 
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Tue  pyloric  Qur  knowledge  of  microscopical  cbaractere  of  the 

iiudt.  pyloric  glands  is  chiefly  due  to  EbsteinV  The  characters 

of  the  pyloric  glands  are  thus  summarized,  and  compared  with  those 
of  the  peptic  glands,  by  Dr  Klein  : — **  The  duct  is  proportionately 
very  long ;  it  amounts  to  half  or  more  of  the  whole  length  of  the 
gland:  two  or  three  tubes  open  into  the  duct  by  a  very  short  neck, 
which  represents  the  narrowest  part  of  the  gland :  the  body  of  the 
gland  is  branched  into  two  or  three  tubes,  which  are  wavy  and  convo- 
luted ;  the  lumen  of  the  neck,  but  especially  that  of  the  body  of  the 
gland,  is  much  larger  than  in  the  corresponding  parts  of  the  peptic 
gland;  the  lumen  in  the  body  of  the  former  glands  being  many  times 
longer  than  that  of  the  latter.  The  epithelium  covering  the  surface 
of  the  mucosa  and  lining  the  ducts  in  the  pyloric  region  is  exactly 
the  ftaoie  aB  in  the  rest  of  the  stomach.  The  epithelium  lining  the 
n€ck  and  body  of  these  glands  is  a  continuation  of  that  of  the  duct : 
:,  aa  in  the  case  of  the  peptic  gland,  so  also  here  the  cells  are 

(burter  and  more  opaque  in  the  neck  than  in  the  body.  In  the  latter 
the  cells  are  fine,  more  or  less  transparent,  columnar  cells;  in  no 
part  are  there  parietal  cells'/'  &c. 


ScaUUTIO  BSPHK&EMTATIO!*   OF   A   PTLOHIC    OxJUtD.       (LaXDOU.) 

'  Elwtein,  Arch.  f.  mik.  Anat  Tl.  p.  61n.  1870. 

'  Ctein  and  Noble  Smith.  Atioi  ojHUUilogy,  pp.  205  and  206,  IBBQ. 
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Sect.  2.    Some  Historical  Preliminaries.    On  the  Nature  of 
Gastric  Digestion,  and  the  Character  and  Properties 

OF  THE  GaSTBIC  JuICE. 

TbeTiewaof  From   an  early  period,  full  importance   has   been 

tb*  Andecu.  attached  to  the  stomach  as  the  chief  organ  engaged  in 
the  proceHs  of  digestion.  Hippocrates  likened  this  process  to  one  of 
coction,  Tre^K,  the  changes  in  the  aliments  being  brought  about 
mainly  by  the  action  of  heat ;  an  opinion  which  was  afterwards 
advanced  by  Asclepiades,  and  by  others  who  lived  nearer  to  our  own 
times.  Some  liowcver  assimilate<l  the  process  to  putrefaction  ;  others 
explained  it  as  entirely  mechanical,  foreshadowing  the  views  which 
afterwards  received  fuller  development  at  the  hands  of  the  disciples 
of  the  chemical  and  mathematical  schools  of  physiology  and  medi- 
cine. 


passa^H 
eced^^l 


We  may,  following  M.  Milne  Edwards*,  quote  the  following 
from  Celsus  as  giving  a  summary  of  the  views  of  writers  antec 
to  Galen. 

"Ex  quibiH,  quia  maximo  pertinere  a*!  rem  concoctio  videtur,  hiiic 
potisaimum  mHistuut ;  et  duce  alii  Erasistrato,  teri  ctbimi  iu  ventre 
contenrhmt ;  aUi  Plistouico  Pnixagorae  discipulo,  putrescere ;  ahi  credunt 
Hippocrati,  per  calorem  ciboa  concoqui ;  awi.M.luntque  Asclepiadis  aemuU, 
qui,  omnia  ista  vana  et  su|)ervacna  ckso,  proponunt :  nihil  enim  ooncoqai, 
»Gd  cinjdam  materiain,  sicut  assunipta  est,  iu  corpus  omne  diduci'." 

It  is  probable  that  in  this  passage  Celsus  attributes  to  Asclepiades 
views  which  he  did  not  hold,  and  that  the  views  of  the  fashionable 
physician  of  Rome  were  similar  to  and  possibly  suggested  those 
adopted  by  Cicero,  with  whom  he  was  on  terms  of  intimacy,  and 
who  expresses  himself  concerning  the  nature  and  ends  of  the  digestiirj 
process  iu  the  following  most  luminous  manner. 


'*In   alvo   multa   sunt   niirabilia  cffccta ; est  autem   multiplex  et 

tortuosa  arcetque  et  contiaet,  give  iUud  aridum  et  sive  umiduin,  quod 
rccipit,  ut  id  mutari  et  conco*:jui  possit;  eaque  turn  astringitur,  turn 
rrlaxatur  attjue  oaine^  quod  accipit,  cogit  et  confuridit,  ut  facile  et  calore, 
qucm  multum  haHet,  et  t^^rendo  cibo,  *?t  jjraeterea  spiritu,  omnia  cocta  atque 
coofecta  in  reliquum  corpus  dividantiir"." 


« 


The   author  appends   the   following   literal   ti*anslation   of  this 
interesting  passage : — 

"In  the  alimentary  canal  many  wonderful  acts  are  effected; for 

it    presents   many  folds  and   is  tortuous,  and   encloses  and  retains  that 
which  it  receives,  be  it  dry  or  luoist,  in  order  that  it  may  transform  aud 


^^ 


^  Mtlne  Edwardfl,  Lemons  »ur  la  Phygiohgie,  Vol.  t.  p.  S52. 

^  A.  Com.  Celai.  Medieinat,  Libri  ooto,  Lib.  i. 

'  Cioero,  De  Katura  Deorum,  Lib.  ii.  Cup.  liv.  g  136  (page  52  of  Mayor's 
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•ligest  it;  at  one  time  it  contracts  and  at  anotber  relaxes,  and  it  gathers 
«nd  fosea  together  all  which  it  receives,  in  order  that  by  the  heat  of  which 
it  bm  much,  hy  a  proceas  of  grinding,  and  fni'ther  by  its  exhalation  (or 
jipint)all  things  being  digested  and  prepared  may  he  distributed  throughout 
the  rest  of  the  body/ 

nevtenof  It  was  in  the  seventeenth  century  that  the  process 

tiiewTiteiB  of  of  digestion  was  first  looked  upon  as  one  akin  to  fer- 
^laiTMHe-  mentation.  Johan  Baptista  van  Helmont  (born  1577. 
"^"^  died  1644),  who  in  spite  of  the  visionary  nature  of  his 
new«,  has  the  merit  of  having  been  one  of  the  earliest  to  shake  the 
■artificial  fabric  of  medical  dogma  which  had  stood  since  the  time  of 
C^it'n.and  which  was  so  soon  to  fall  through  the  efforts  of  tbf  workers 
of  die  seventeenth  century,  first  intro»luced  the  idea  of  fermentation^ 
M  explanatory  of  digestive  action. 

Under  the  influence  of  the  archceus — as  he  termed  the  vital 
prinriple  which  presided  over  the  processes  of  the  organism,  shaping 
ita  elements  into  the  various  forms  of  matter  which  compose  its 
tissues  and  organs,  there  is  generated  in  the  stomach  a  ferment, 
whereby  an  acid  Ls  produced  which  brings  about  the  solution  of  the 
W.  Having  attempted  to  prove,  by  argiitncnt,  the  insuflficiency  of 
the  explanation  that  digestion  was  brought  about  through  the  in- 
lliience  uf  the  heat  of  the  stomach,  v.  Helmont  dwells  upon  the 
properties  of  his  '  fermentum  acidum:' — 

*NoQ  e«t  ergo  ciilor  digeationia  author,  sed  est  alia  facultas  qniedam 
^ttlis,  qa«»  vere  atque  formaliter  mntat  alimcnta.  Kamque  fermentorum 
'lOmiuo  deaignavi  Snnt  autem  plnrima  fermcnta  in  nobis,  prout  de  digea- 
tionibtis  mox  expUcabo'.' 

That  mere  acidity  was  not  sufficient  to  explain  the  digestion  of 
'•De  constituents  of  food  was  known  to  van  Helmont,  as  is  shewn  by 
»lie  following  passages : 

'Nun  est  autem  fermentum  istud  digestivum  in  sola  aciditate  aliquali 
'"'Unt  Necjue  enim  acetum  vel  jus  citri  farinam  fermpntat :  imo  nee 
lAriiia  (enupntata,  est  proinde  fermentum  stomachicum :  sed  hoc  est  acidum 
****rinnm,  stomachicum,  sj^ecificum*.' 

Having  tried  to  explain  that  this  ferment  must  differ  in  different 
aoimaLs  since  the  desire  for  and  ability  to  digest  different  kinds  of 
»od  is  various,  he  defines  bis  ferment  as  follows : 

*  Fermentum  ergo  digestivum,  est  proprietas  essentialis,  conaistens  in 
^tili  quadau  aciditate,  ud  transmutatioues  potens :  ideoque  et  apeciHcn 
IToprieuitis*.' 

*  Tfen  Helmont,  OrtUM  \fedicin<t  i4  e$t  Initia  Phytic^r  Inaudtta  ProffreuuM  medi' 
ptfiMnM.  Bdente  Aatboris  Alio  Franoisoo  Mercnrio  Van  Helmont.  Editio  quarts. 
^iivu,  1667.  Refer  to  Chapter  entitled  'C&lor  etficientor  non  digerit,  sed  excitative* 
'P'  J«^  paragraph  30). 

'  ^.  Hdruont,  foe.  cit.,  psrag.  26. 

*  Ihiii. .  para^.  28. 
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F.  De  la  BoA  The  idea  tbat  digestion  was  a  process  akia  to  fer- 

BjriTiai.  mentation  was  advocated  by  the  celebrated  F.  De  le  Boe 

Sylvius  (boru  1614,  died  1672),  Professor  of  Medicine  in  the  University 
of  Leydeiij  one  of  the  most  celebrated  medical  teachers  of  his  age, 
and  the  chief  repreaentative  of  the  iatro-chemical  school.  Whilst  v. 
Helmont  had  used  the  term  fermentation  to  designate  any  chemical 
operation  which  appeared  to  him  utterly  inexplicable  and  essentially 
associated  with  vitality,  Sylvius'  by  referring  to  alcoholic  and  acetous 
fermentations  leads  uh  to  conclude,  that  these  were  types  of  the 
processes  which  he  believed  to  occur  in  the  alimentary  canal  There 
b  no  evidence,  however,  of  any  original  observations  made  by  Sylvius 
in  reference  to  gastric  digestion,  and  on  this  as  on  all  other  matters 
Le  wrote  so  aa  to  cause  us  to  marvel  that  the  crude  dogmas  and 
ridiculous  jargon  of  the  iatro-chemical  school  should  even  for  a  time 
have  held  sway  in  the  medical  world. 

DtscajciM—  Absurd   though   they  appear   to   us,   many  of  tht 

^^^^^^  doctrines  of    the   iatro-chemical   school   received   the 

support  of  such  men  as  the  great  mathematician  and  philosopher 
Rene  Descartes  (born  1596,  died  1650)  and  our  own  anatomist 
Thomas  Willis  (born  1621.  died  1675). 

Descartes  believed  that  au  acid  of  extreme  potency,  compar- 
able  to  nitric  acid,  is  generated  in  the  stomach,  as  a  result  of  u 
peculiar  fermentation.  Willis,  who  in  spite  of  his .  thoroughly  sound 
anatomical  training,  was  a  credulous  adherent  of  the  iatro-chemical 
school,  also  speculated  upon  the  existence  of  au  acid  ferment  in  the 
stomach. 

ar«w.  Although   unconnected  with  the  school  to  which 

reference  has  been  made,  the  name  of  the  observant 
Nehemiah  Grew  (born  1628,  died  1711)  must  be  mentioned  amongst 
those  who  in  tho  17th  century  wrote  concerning  the  nature  of  gastric 
digestion.  Unlike  those  whose  works  have  been  referred  to,  Grew' 
wrote  very  briefly,  but  his  writings  mainly  consisted,  as  was  his  wont, 
of  the  records  of  his  own  observations,  though  he  could  not  resist  the 
tendency  of  his  age  to  speculation.  He  noticed  the  existence  of 
glands  in  the  mucous  membrane  of  the  stomach  : 

'  By  the  joynt  assistance  of  the  glandulous  and  the  nervous  memhraaM 
the  huBinese  of  chylification  seems  to  bn  pcrfoniir^d.  The  mucous  excre- 
tneut  of  the  blood  supplied  by  the  former,  as  au  animal  corrosive  preparing, 
and  the  excrement  of  the  nerves  by  tho  latter,  as  on  animal  ferment  per- 
fecting the  work,' 


'  F.  D,  Sylrii  Opera  omnia.  Editio  nova.  Trajecti  ad  Rhenntn,  1603.  Refer  to 
'Disputotio  Medica  I.     De  AHmentorum  fermentatione  iu  ventriciilo'  (p.  11). 

'  Grew,  The  Cimparativf  Anatomy  0/  Stomach  and  Guts  hdjiin,  heiitff  tevfral  tectum 
read  btfftrr  ffct-  Hoyal  Sodrty  in  ih^  yfar  1G7*J.  London,  printed  for  Uw  author,  1681. 
See  *0n  the  uses  of  the  fltomaoh  of  quAdrupeds  *  (p.  20). 
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KMMTcbes  In  stroDg  contrast  to  the  iatro-chemical  school,  the 

of  tto  utro-     mathematical   school   of  physiology   was   destined   to 
render  great  and  enduring  services  to  science.     Obvi- 
ously, however,  its  methods  were  not  suited  to  throw 
(iiU  light  upon  the  essential  processes  of  gastric  digestion. 

Ignorant  of  the  fundamental  facts  of  chemical  science,  the  iatro- 
chemiste  had  attempted,  but  in  vain,  to  explain  the  functions  of  the 
body  entirely  by  reference  to  chemical  operations — the  actions  of 
acids  and  sdkalies  and  fermentations,  &c.  The  futility,  nay  the 
atwurdity  of  their  attempts  had  tardily  forced  themselves  upon  the 
minds  of  men,  and  there  arose  a  school  which  attempted  to  explain 
all  the  phenomena  of  the  body  upon  mechanical  principles. 

The  muscular  gizzard  of  birds  had  aug;ge3tod  the  idea  that 
gastric  digestion  did  not  consist  in  a  maceration  of  the  food  under 
the  influence  of  heat  and  moisture,  as  the  father  of  medicine  had 
imagiaed,  nor  of  a  fermentation  such  as  v.  Helraont  and  Sylvius 
bad  wnttea  about>  but  of  a  breaking-up  of  the  particles  of  food  by 
mechtmical  action.  These  muscular  movements  of  the  gizzard  had 
been  attentively  studied  by  the  philosophers  of  the  Florentine 
Accademia  del  Cimento,  amongst  whom  was  the  distinguished 
luturalist  and  phvsiciaii,  Redi  [born  1626,  died  1G9S),  and  their 
J^wuite  had  been  placed  on  recoi*d. 

The  chief  of  the  iatro-mathematical  school  was  unquestionably 
BorelH  (born  1G08,  died  1679),  whose  investigations*  on  the  mecha- 
nical functions  of  the  body  must  secure  for  him  the  respect  and 
gratitude  of  physiologists  of  all  ages.  Borelli  is  said  by  Sprengel* 
^  have  advanced  a  purely  mechanical  theory  of  digestion.  Such. 
^»ever.  was  not  the  case.  After  describing  the  mechanical  pro- 
c<sees  by  which  some  animals  comminute  aud,  as  he  thought,  di- 
gtsted  their  food,  he  refers  to  oLhere  in  which  another  process  is 
■Bperadded  : 

*Hffic  animalia  fermento  quoque  vaUdissiino  carnes  et  ossa  cousuinunt 
^^osecuB^  ftc  aquse  con-oaivse  metalla  conodmit,  et  dissolvunt.  Talis  porro 
•'JOctis  corrosi\'U8  instillatur  a  glandulis  corrosivis,  quibns  niembranosa 
J[^triculi  sultstantia  infarcta  eat,  ut  evidcntissime  obsorvnvi  in  ventriculo 
^Iphini,  cujuH  glauduUe  admodnm  orasBte  et  prominentes  sunt',' 

Borelli  thus  more  clearly  enunciated  the  existence  of  a  gastric 
J^ce  and  its  relation  to  the  glands  of  the  stomach  than  any  of  his 
P^deceasors.  j 

^  Borelli.  'De  Motu  Animslium.'    Omu  Potthumum.    Bonuc,  1681. 
*  'Borelli    eipliquait   bien    plus   mloaniquement   les  nntrofi  foDotionR   da  coqw. 
Noti*  AToni  dt!J&  vu  qaellea  ^taient  see  iJtes  rolativoment  k  la  force  du  ooiur  «t  uu 
da  U  r«jpirntion.     Sa  tbeorie  de  la  digestion  n'etait  pnfi  moini*  oonfomie 
ipf(i  des  iiitro-math6maticioD9.    II  oomparait  reatomac  de  rhomme  h  celui  de 
^^^„_  oi^ettitx,  et  il  eu  ^valuatt  la  (oroe  A  uu  poids  de  mille  troia  cent  cinquante 
^tt.'    Spn-Tigel,  Hintoire  de  In  M^tUcin>'.     French  edition,  1815.     Vol.  v.  p.  142. 
'  Borelli.  Op.  cit.  Vol.  ii.  Prop,  olxxxii.  pp.  3H  and  3U5. 
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TheapecuiA-  If  a  specimen  of  the  absurtl  ODe-sidedness  of  certain 

tiona  of  Pit-  ^jf  (^jjg  followers  of  the  iatro-mathematical  school  be 
sought  for,  it  will  be  fouud  in  the  essay  of  Dr  Archibald 
Pitcaim,  in  which  he  sought '  without  the  assistance  of  a  Daemon  cr 
a  Stygian  Liquor,'  to  explain  gastric  digestion  as  entirely  due  to  the 
triturating  action  of  the  coats  of  the  stomach,  tlie  power  of  wL<«€ 
muscular  walls  he  estimated  as  e^ual  to  12951  pounds^ 

In  spite  of  the  writings  to  which  reference  has  beeu 
made,  the  opiuious  of  scientific  men  were  altogelLer 
divided  on  the  question  of  gastric  digestion  until  tbe 
middle  of  the  last  century.  How  far  the  process  was 
due  to  the  mechanical  movements  of  the  stomach,  or 
the  result  of  mere  maceration,  or  to  any  special  solvent 
agent,  had  yet  to  be  determined,  and  the  solution  of 

these  questions  had  to  be  obtained  by  patient  observation  of,  aod 

experiments  upon,  living  creatures. 

The    di«co-  The  French  iiatundist  Reaumur  (bom   1G83,  died 

verieaofK^u-  17.37)^  after  many  experiments*  which  had  led  to  nega- 
"^'  tive  results,  experimented  upon  a  tame  buzzard*,  which, 

like  the  hawk,  owl,  and  other  birds  of  prey,  rcg^irgitates  those  parta 
of  its  food,  such  as  feathers,  buues,  &c.,  which  are  indigestible.  To 
this  bird,  Rt^aumur  administered  small  metallic  tubes,  containing 
various  articles  of  food  :  the  tubes  were  closed  at  one  end  and  covered 
by  muslin  at  the  other,  so  as  to  preclude  the  possibility  of  trituratioD 
and  yet  permit  of  the  gastric  juice  exerting  its  solvent  action. 

When  meat  was  enclosed  iii  the  tube  it  was  fouud  to  be  digested 
after  some  hours ;  if  the  period  which  had  elapsed  since  its  iull^> 
duction  had  not  been  sufficient,  the  surface  was  found  softened,  whilst 
the  interior  remained  intact  Not  merely  was  meat  capable  of  com- 
plete digestion  when  exposed  to  the  action  of  gastric  juic-e  in 
these  tubes,  which  protected  it  firora  the  mechanical  action  of  the 
stomach,  but  even  lioue  was  softened  and  dissolved. 

In  order  to  obtain  some  of  the  solvent  which  effected  these 
chemica,l  itperations  Rt?aumur  plactnl  pieces  of  sponge  in  his  tubeSi 
and  on  their  rejection  was  able  to  obtain  from  them  a  fluid  of  acid 
reaction,  possessed  of  antiseptic  properties,  to  which  he  called  atten- 


*  The  Hltolc  ]Vurks  of  Dt  Archibald  Piti'airn,  d:c.  Done  from  the  Latin  origina]  hj 
George  Stiwell,  M.D.  aod  J.  I.  Desaguliera,  D.D.  &Dd  F.K.S.  3rd  editiou.  Loudun,  1740- 
Befer  to  '  A  Dissertation  upon  the  motion  which  reduoea  the  aliment  in  the  stomach 
to  B  form  proper  for  the  inpply  of  the  blood,'  pp.  100 — l:^.  Pitcaim  was  bora  in  1CA3 
and  died  1713.  In  1691  he  was  appointed  Proreasor  of  Medicine  in  the  Universitv  of 
Lejden^  an  office  which  he  held  for  a  single  year  in  order  to  return  to  Scothind^  vherc 
be  btcame  a  I'Tofessor  in  the  Uuiversitj  of  Edinburj^b.  He  ia  referred  to  aa  having 
been  one  of  the  teachers  of  Boerbaavo. 

'  B^aumur,  'Sur  la  digestion  dee  oiseaux'  (premier  m^moire),  Mim,  de  I'Jcad,  iff 
Sciences,  1752.  p.  2G6. 

'  K^umor,  'Sur  la  digestion  des  oiseauz  (tiecond  m<^moire):  De  la  mani^  dont  db 
■e  bit  dann  reatomac  des  oiseaux  de  proie.'  Mini.  tU  VAcad.  dtt  ScUneet,  llSi, 
p.  461. 
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1.  but  with  which  he  was  unable  to  Bifect  digestiou  outside  of  the 

iv. 

RtJaumur,  whilst  convincing  himself  that  in  certain  aninxalB  a 
chemical  s<5lvent  plays  an  important  part  in  the  work  of  the  stomach. 
was  peqjlexed  by  the  fact  that  vegetable  food  escaped  tlie  influence 
oftLegastric  juicCjand  was  thus  prevented  from  establishiag  that  the 
essential  of  gastric  digestion  in  all  animals  is  the  chemical  action  of 
the  gastric  juice  upon  certain  of  the  constituents  of  food. 


^^1 


I      whi 

i 


ntif-  The  discoveries  of  R^uuiurcon8titute<l  an  important 

<•>*••  of       step  in  the  discovery  of  the  nature  and  processes  of  the 
•****■*■  gastric  juice,  and  the  subject  was  further  elucidated  by 

Stevens, who  in  1777  presented  an  Inaugural  Thesis  to  the  Univer- 
ttr  of  EJdinburgh,  entitled.  'De  alimentorum  concoctions.'  He 
&valled  himself  of  the  presence  in  Edinburgh  of  a  Hungarian  who  was 
in  tbe  habit  of  swallowing  stones  and  regurgitating  them,  a  practice 
which  he  pursued  as  a  means  of  gain  by  public  exhibition.  Stevens 
i?ed  this  man  to  swallow  little  silver  halls  perforated  like  a  sieve, 
structed  so  as  to  be  filled  with  food  and  tlien  closed  by  screwing, 
Stevens  found  that  the  contained  aliment  was  dissolved  and  some- 
mes  completely  disappeared,  although  protected  from  the  influence 
of  trituration.  By  constructing  a  silver  ball  with  a  median  partition, 
the  one  half  being  more  thickly  studded  with  holes  than  the  other, 
wd  filling  both  with  food,  he  found  that  it  was  most  readily  dissolved 
that  diNosion  which  contained  most  apertures.  Additionally, 
veiis  obtained  the  gastric  juice  from  the  stomach  of  a  dog,  and  he 
ikI  that  a  piece  of  meat  was  digested  by  it  outside  of  the  stomach 
eight  hours,  provided  it  were  placed  in  a  vessel  exjwsed  to 
rmih'. 

iMn««— ^1  1°  *^®  ^^T  7^^^  ^  which  Stevens  presented  his 

thesis  to  the  University  of  Edinburgh,  the  eminent 
ilian  naturalist  Spallanzani  commenced  his  splendid  investigations 
jestion.  These  investigations*,  extending  and  corroborating 
of  Reaumur  and  Stevens,  shewed  conclusively  that  gastric  juice 
ible  of  effecting  the  same  transformations  when  removed  from 
lody,  if  the  conditions  for  its  activity  were  favourable,  as  in  the 
Rtomach  itself.  He  drew  full  attention  to  the  antiseptic  action  of  the 
pstric  juice,  and  insisted  that  the  process  by  which  food  is  digested 
Ihe  stomach  is  not  akin  to  the  'alcoholic,  acid  and  putrefactive 
lentatious.'  Without  knowing  the  cause  of  the  acidity  of  the 
itric  juice,  he  yet  recognised  it,  and  asserted  that  the  acid  reaction 
when  digestiou  is  completed. 


SWrgns,  Dt  AUn^ntorwn  coneoctioru,  Edin.,  1777. 
*  SpdUozani.  Ejpfriencet  *ur  la  Dirtettion  de  VHonxnif  et  de  diff/renUi  etp^ctt 
^^^maux..  Avec  dtt  coruidf rations... ^&t  Jean  Senebier,  Mmtstre  de  I'Evangile.  Biblio- 
d«  la  H^pablique  de  Geo^ve.    A  Geneve,  1783. 
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Xhe  re-  With   Sp.^llaiizani  closes  the  earlier  history  of  the 

Bearches  which  researches  ou  the  gastric  juice.  After  him  came  Tiede- 
foiiowed  thosa  niann  and  Gmelin*,  and  Leuret  and  LassaigDe\  who 
of  spaUanianL    studied  the  acidity  of  the  gastric  juice. 

Then  followed  the  classical  observations  (1825 — 18S3)  of  Beau- 
mont', a  surgeon  in  the  United  States'  Army,  made  in  connection 
with  the  case  of  Ale.xLs  St  Martin,  a  patient  in  whom  as  a  result  of  & 
gun-shot  wound  a  gastric  tistula  had  become  established,  which 
allowed  both  of  the  collection  of  gastric  juice  and  of  the  observation 
of  the  processes  which  go  on  within  the  stomach. 

Eberle*  in  1834,  announced  the  interesting  fact  that  by  acting  upon 
the  mucous  membrane  of  the  stomach  by  means  of  dilute  hydrochluric 
acid,  an  artificial  gastric  juice  can  be  obtained,  with  which  food  may 
be  digested  as  by  the  natural  gastric  juice  expeirimeuted  upon  by 
Spallanzani  and  Beaumont,  Soon  afterwards,  Schwann*  came  to  the 
conclusion  that  the  gastric  juice  owed  its  peculiar  activity  to  a 
principle  wliich  he  denominated  Pepsin,  although  he  was  unable  to 
separate  it. 

These  and  all  subsequent  researches  will  be  referred  to  again 
in  detail  in  the  sections  which  follow, 


Sect.  3.    Methods  of  obtaining  Gastric  Juice. 


H 


I 


We  have  seen  that  Reaumur  and  Spallanzani  obtained  small 
quantities  of  gastric  juice  by  causing  animals  to  swallow  hollow 
perforated  bulls  which  contained  pieces  of  sponge.  The  sponge 
absorbefl  gastric  juice  which  was  secreted  under  the  stimulus  of  the 
foreign  body  thus  introduced  into  the  stomach,  and  by  squeezing  the 
sponge  the  juice  was  afterwards  obtained. 

Other  experimenters,  as  Tiedemann  and  Gmelin,  obtained  small 
quantities  of  gastric  juici^  by   causing  fasting  animals   to   swaJIoy 
insoluble  bodies  such  as  pebbles,  and  killing  the  animal  shortly  aft^^| 
wards.  ^H 

By  these  methods,  observations  of  very  great  importance  were 
unquestionably  made  ;  yet  they  were  not  sufficiently  striking  to  con- 
vince all  doubters,  as  may  be  proved  by  <|uoting  a  passage  from  a 
memoir  of  Schultz*,  a  Professor  in  the  University  of  Berlin,  who  in 


'  Tiedcmaon  u.  Oznelin,  DU  Verdauttnff  naoh  Versuehim. 
1826. 

'  Lcnret  et  L&saaignc,  Rfchereh^t  tur  Ja  T)if)fAtion. 


Heidelberg  a.  Leipsig, 


by  An 


ar«w 


tngy  of  Digettion.    Reprinted  from   the   Plattsbargh  edition,  n'itb  notes, 
Combe,  M.D.,  Edin.,  183d. 

•  Eberle,  Pkyniolofjie  dtr  Verdauung  nach  Venucken.     Wurzborg,  1834. 

'  Schwann.  'Ueber  daa  Wcsen  der  VerdauungsprocGsae.*    MtLUer's  Archie, 
pp.  90—138. 

1  Schaltz,  De  AHmentontm  eoncoetiom  experinunta  nova.    The  anthor  hM  not  baM 
able  to  verify  this  refereuce. 
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1M4,  pronounced    himself  in  reference   to   tbe   sound   opinions   of 
lur  and  Spallanzani  as  follows ; 

Onmis  Re>aaaiurii  atque  Spallanzani  opinio  de  succo  gastrico  nihil 
[taifii  rana  hypothesis  videtur,  utpote  cum  edectus,  quoa  bucco  gastrioo 
imputaveruot  soli  potius  salivw  tribueudi  sint." 

AH  doubts  were  however  dispelled  as  to  the  essential  part  played 
bv  the  gastric  juice  in  digeHtion  when  it  became  possible  for  expe- 

j  rienced  observers  actually  to  inspect  the  interior  of  the  living 
stomach,  to  observe  it  under  various  conditions  of  rest  and  activity, 
and  to  follow  in  situ  the  digestion  of  aliments  which  they  purposely 

I       introduced  into  its  interior. 


Oastric  FiatulcB  established  by  accident  in  Man, 


The  obsQT' 
nttou  of  Z>r 
Betnffloat  on 
Ui  patient, 
AimiBtHJir- 


In  the  year  1822,  Dr  Beaumont,  a  surgeon  in  the 

military  service  of  the  United  States,  had  under  his 

care  a  young  man,  Alexis  St   Martin,  who  had  been 

accidentally  wounded   by. the  discharge  of  a  musket. 

The  charge,  consisting  of  powder  and  duck-shot,  was 

received  in  the  left  side,  the  man  being  at  a  distance 

not  more  than  one   yard   from  the  muzzle  of  the  gun.     "The 

tents  entered  posteriorly,   and  in  an   oblique  direction,  forward 

d  inward,  literally  blowing  off  integuments  and  muscles  of  the  size 

of  a  man's   hand,  fracturing  and  carrying  away  the  anterior  half 

of  the  sixth  rib,  fracturing  the  fifth,  lacerating  the  lower  pgrtion  of 

e  left   lobe   of   the   lung,   the   diaphragm,   and   perforating   the 

mach."     After  a  most  tedious  and  interrupted  convalesceuce,  the 

ent  recovered:  there  remained, however, a  large  fistulous  aperture 

lb  inches  below,  and  a  little  to  the  outside  of,  the  left  nipple.  This 

rture,  which  measured  about  two  and  a  half  inches  in  circum- 

encc.  at    first   allowed    the  contents  of  the   stomach    xo   escape, 

esa  when  occluded  by  compresses  and  bandages.     Ultimately  a 

lftpi*ed  portion  of  the  mucous  membrane  of  the  stomach  came  to 

ct  as  a  kind  of  valve  which  prevented  the  efflux   of  the   gastric 

coQteuts,  but  yet  was  easily  depressed  with  the  finger. 

Having  done  all  for  St  Martin  which  surgical  skill  and  tact  could 
accomplish,  Dr  Beaumont  conceived  the  idea  of  utilising  his  remark- 
e  patient  for  the  purposes  of  science.  Accordingly,  taking  the 
D  into  his  own  house  !is  a  servant,  he  undertook  several  sets  of 
ervations,  only  commencing  tho  first  of  them,  however,  when 
Martin's  health  had  been  completely  restored.  The  first  series 
observations  was  commenced  in  the  month  of  May,  1825,  that  is, 
Mwly  three  years  after  the  inHictiou  of  the  injury,  and  this  was 
roUowed  intermittingly  by  other  observations,  of  which  the  latest  was 
performed  in  1833.  The  results  of  Beaumont's  observations  were 
incorporated  by  him  in  a  work  published  at  Plattsburgh  in  that 
Tear. 
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The  facilities  afforded  by  Beaumont's  patient  for  systeniatic 
observations  on  gastric  digestion  will  be  appreciated  by  a  perusal 
of  the  following  quotations : 

**  The  valve,  mentioned  above,  is  formed  by  a  slightly  inverted  portion 
of  the  inner  coats  of  the  atomach  fitted  exactly  to  £11  the  aperture.     I 
principal  and  most  external  uttachiiient  is  at  the  upper  and  posterior  edge*«a 
o£  the  opening.     Its  free  portion  hangs  pendulous,  and  fills  the  apertu 
when  the  stomach  is  full,  and  plays  up  and  down,  simultaneously  >vith  the 
respiratory  muscles,  when  empty." 

**0u  pressijig  down  the  valve,  when  the  stomach  is  full,  the  contents 
flow  out  copiously.  When  the  stomach  i.s  nearly  empty  and  quiescent, 
the  interior  of  the  cavity  may  be  examined  to  the  depth  of  five  or  six— ^ 
inches,  if  kept  distended  by  artificial  means,  and  the  food  and  drinks  majr 
be  seen  entering  it,  if  swallowed  at  this  time,  through  the  ring  of  the 
oesophagus.  The  perforation  tlirough  the  walls  of  the  stomach  is  about 
three  inches  to  the  left  of  the  cardia,  near  the  left  siii>enor  termination 
of  the  gieat  curvature.  When  entirely  empty,  the  stomach  contracts  u|*ou 
itself,  and  sometimes  forces  the  valve  through  the  orifice,  together  M-ith 
an  tulUitional  portion  of  the  mucous  membrane,  which  becomes  completely 
inverted,  and  forms  a  tumour  as  large  as  a  hen's  e^g.  After  lying  on  the 
left  side,  and  sleeping  a  few  hours,  a  still  larger  portion  protrudes,  arid 
spreads  out  over  the  external  int^guiuenttt,  five  or  six  inches  in  circuui 
ference,  fairly  exhibiting  the  natural  rugie,  \-iIlous  memhrane,  and  mucou& 
coat  lining  the  gastric  cavity.  This  appearance  is  almost  invariablv 
exhibited  in  the  monaing,  before  rising  fi'om  his  bed'." 

"  Mod«  of  extracting  (lie  Gastric  Juice.  The  usual  method  of  extracting 
the  gastric  juice,  for  exjwriment,  is  by  placing  the  subject  on  his  right 
side,  depressing  the  valve  within  the  apeiture,  introducing  a  gum-elastic 
tube  of  the  size  of  a  largo  quill,  five  or  six  inches  into  the  stomach,  and 
then  turning  him  on  the  left  side,  until  the  orifice  becomes  dependent. 
In  hetJth,  and  when  free  from  food,  the  stomach  is  usnalit/  entii-ely  empty, 
and  contracted  upon  itself.  On  introducing  the  tube,  the  fluid  soon  l>egins 
to  tiow,  first  by  drops,  then  in  an  inteiTupted,  and  sometimes  iu  a  short 
continuous  stream.  Moving  the  tul>e  alxuit,  up  snd  down,  or  backwards 
and  forwards,  increases  the  discharge.  The  quantity  of  fluid  ordinarily 
obtained  is  from  four  drachms  to  one  and  a  lialf  or  two  ounces  (from  about 
14  to  /jG  grammes),  varying  with  the  circumstances  and  condition  of  the 
atomach'." 

We  shall  have,  in  the  sequel,  to  refer  again  and  again  to  this 
very  remarkable  case,  the  observation  of  which  proved  so  fruitful  to 
science,  merely  remarking  that  no  case  of  gastric  fistula,  whether 
established  in  man  or  the  lower  animals  by  accident,  disease,  or  by 
the  experimenter's  knife,  has  ever  afforded  such  adn^irable  opportu- 
nities for  study,  for  it  occurred  in  a  man  of  remarkable  health, 
'active,  athletic  and  vigorous,  exercising,  eating  and  drinking,  like 

1  Beaumont.  Op.  r((.,  p.  23. 
»  Hid.,  p.  82. 
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Other  healthy  and  active  people,'  and  it  did  not  merely  permit  of  the 
withdrawal  of  the  gastric  juice,  and  the  introduction  and  withdrawal 
ufcalhelers,  thermonietorb,  &c.,  but  also  of  the  ocidar  iuspecliou  uf 

^the  resting  and  secreting  orgau, 

r  Since  this  6r3t,  most  successfully  observed,  case  of  gastric  fistula, 
other  cases  have  occurred  of  gastric  fistulaa  in  the  human  subject, 
the  study  of  some  of  which  has  led  to  important  extensions  of  our 
bowledge.  Especially  does  this  remark  apply  to  a  case  of  gastric 
fistula  established  by  M.  Verneuil,  in  a  boy  in  whom  impassabloi 
atrirture  of  the  oesophagus  came  on  as  the  result  of  swallowing^' 
acaiiBtic  alkali,  and  which  has  been  subjected  to  elaborate  study  by 
Richet*;  this  case  presented  the  valuable  feature  that  the  contents 
of  the  stomach  were  altogether  unmixed  with  saliva. 

btabiuh-  The  establishraeut  of  a  gastric  fistula  as  a  result 

nuDtofgastzic    of  an  accident  suggested  the  possibility  of  imitating  the 

ittBiuin  the    process  by  art.     Accordingly  a  Russian  and  a   French 

observer,  Bassow*,  and  BlondU)t',  almost  simultaneously 

iuadf.'  the  attempt ;  especially  through  the  systematic  and  successful 

riments   of  the  second  of  these  observers  the   procedure  was 

ed  to  great  perfection,  and  has  been  frequently  repeated,  many 

ble  facts  having  been  discovered  in  this  way.     After  Blondlot, 

eben*,    Bernaitl'\   Bidder   and    Schmidt*,    SchitT',    Holmgren, 

•  and  Heideiihain",  ha\e  perfected  and  modified  the  method 

of  establishing  gastric  fistulse.  ■ 

The  following  is  a  description  of  the  whole  operative  procedure, 
which  we  quote  in  the  woixls  of  Dr  Lauder  Brunton,  F.R.S. 

IitihUah  "  '^^^^   object   of  making  a  gastric  fistula  is  two-fold  ; 

"W  of  a  CM-    ^^"^^  ^^  obtain  gastric  juice  for  examination;   and  seoonH, 

ttleOitiUa.  ^^   observe   tlie   process   of  secretion    within   the  stomach 

itself. 

"The  method  adopted  by  Bassow"*  was  simply  to  make  an  iiiciaiou 

in  the  abdominal  pariete*,  to  sew  the  stoniach  to  the  edge  of  the  wotmil, 

U(l  then   to   makti   an   opening   in  the  stomach  itself.     The  fistula  was 

plugged  with  a  piece  of  sponge.     It  was,  however,  very  liable  to  close, 

^^gd  was  so  made  to  allow  the  interior  of  the  stomach  to  be  observed. 

^^Botidlot  prevented  the  wound  from  closing  by  placing  in  it  a  cannula, 

^^Phicfa   was   closed    by  a  cork,   so   that   the   gastric  juice   and    products 

'  Biehet.  Lt  mc  rjajitrique  cht:  t'hommf  ft  U$  nnimaux.    Paris,  1878.  ■ 

'  Bauov.  Bulletin  de  la  Sociiti  dt*  NaturaUtten  de  Motcou.     Vol.  xvi.  <1842).  I 

'  Blondlot,  Traitf  analytique  4e  la  digfttion.     Pftrifl,  1B42,  p.  302.  ■ 

*  Bardaleb«n.  Archiv  f.  phtfuiol.  EeilKunde,  Vol.  vui.  (1849).  I 
'  A.  Bernard,  7.c(v»/w  de  phyKinlogie  txp^rimentaU.  Parifl,  J855,  p.  S86.  1 
'  Bidd4*r  aDil  Sclmiidt,  hie  Verdauungtsufte y  p.  29  et  seq.  | 
'  Sohiff,  Lt';on»  sur  la  phjfgiolofjie  de  la  digestion.     Paris,  1867.     Vol.  i.  p.  15. 

*  Panom*  *  Pepsin  and  MagenfiatelanlegaQg.'    Maly's  Jahretheriehi,  Vol.  t.  p.  193. 

*  Heideniiaiu,  'Anlegung  von  Magenfisteln'  in  Hermann's  Handbuch  der  rhy$io' 
lofit.  Vol  V.  Part  i.  p.  J07  et  seq. 

'*  Buaow,  Bulletin  de  la  Socifti  da  Naturalistei  de  Moac<nt,  Vol.  xvi.  (1842). 
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of  digestiou  luight  not  be  lost  tluriog  the  intervals  between  Lis  observv 
tioufi. 

"This  method,  ob  improved  by  Bernard,  is  the  one  uaaally  employed. 
Bemard'u  cannula  consists  of  two  tubes,  e&ch  of  which  ha^  at  one  end 
a  broad  flange.  One  tube  sci'ews  into  the  other,  no  that  the  distance 
between  the  two  flanges  can  be  altered  at  will  This  is  effected  by 
means  of  a  key  which  fits  on  two  jjrojecting  i>oiiits  in  the  inner  tube  and 
turns  it  round,  while  tbo  outer  one  is  hehl  fast  by  the  fingers.  The 
advantage  of  this  form  over  a  simple  tube  with  a  shield  at  each  end  ii, 
that  the  cicatrix  of  the  wound  often  thickens  in  healing,  and  if  the  tube 
U  not  praportionately  lengthened  the  outer  plate  presses  on  the  skin  and 
CAuaee  uloeratioo.  Tbe  disadvantage  of  Bernard's  cannula  is,  that  it  is 
too  small  to  allow  the  interior  of  the  stotuach  to  be  conveniently  observed, 
and  also,  I  tliiuk,  that  the  edge  of  the  wound  comes  into  contact  with 
tbe  screw  of  the  inner  tube,  and  not  with  a  smooth  surface.  These 
disadvantages  may  be  readily  obviated  by  increasing  the  diameter  of  the 
tul>e  and  the  width  of  the  flange,  and  adapting  a  key  to  the  projecting 
points,  by  which  the  outer  tube  may  be  placed  in  the  stomach  and  turned 
round  as  necessary.     Such  a  cannula  is  repi*csented  in  Fig.  6. 


Operation 
for        gaitrto 

fistula. 


Fii}.  6.    Canndla  fob  Oabtbic  Frtcla. 

"  Give  the  dog  a  hearty  meal,  so  as  to  distend  its  stoi 
completely  and  make  it  Ho  close  against  the  intestinal  walls'. 
Amesthetize  the  animal  by  chloroform  ^  taking  care  that 
the  vapour  is  mixed  with  a  sufficient  proportion  of  air. 
Lay  it  on  its  back  on  the  table,  shave  ofl'  the  hair  from  the  epigastric  and 
hypochondriac  regions,  and  remove  the  hairs  cai-efully  by  a  S{>ouge,  so  as 
to  prevent  the  risk  of  thrir  getting  into  the  j>critonea]  cavity.  Make  a 
vertical  incision  about  an  inch  and  a  half  to  one  side  of  the  /ittea  aWa, 
preferably  to  the  left,  ftud  pai-allel  to  it,  extending  downwards  from  the 
lower  edge  of  the  costal  cartilages  to  a  distance  somewhat  less  than  the 

'  Hcidenhami  who  has  had  ^eat  tfXperieucu  iu  the  estabUtshmeat  of  gastric  fisknlCi 
prefers  to  operate  upoQ  faating  animals ;  his  advice  appears  to  tbe  author  to  be  un- 
questionably sound. 

'  It  ia  preferable  to  imseHthetize  the  animal  by  a  subcutanoouR,  or  still  bett«r  b,v  an 
intravcnoiiA  injection  of  morphia.  Hcidenhain,  who  adopts  tht;  latter  plan,  finds  thai  a 
medium  sized  dog  requires  the  injcctioa  of  4  c.c.  of  a  2  per  cent,  solution  ol  morphia 
(»0*08  grm.  of  morphia). 
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(ti«m«ter  of  the  flange  of  tbe  cannula.  Divide  the  muscles  parallel  to  the 
OCfmo  of  tlioir  fibres.  Tie  evnry  bleeding  point  before  opening  the  jwri- 
tOiMUm,  so  that  no  blood  shall  get  into  iu  cavity.  Open  the  peiitoneum 
m  H  director.  Lay  hold  of  the  stomach  Mnth  a  pair  of  artery  forcepftj 
tX  a  point  where  there  are  not  many  vessek^  and  draw  it  forwards.  Pasft' 
0  threads'  with  a  curved  needle  into  the  giutric  walls  at  a  distance  from 
i|i  other  almnt  equal  to  the  diameter  of  the  tube  of  the  canniila,  and 
them  out  agHiu  at  a  »imilar  distance  from  the  points  where  they 
introduced.  Make  an  iuciaion  into  the  gastric  walls  between  the 
two  threads,  rather  shorter  than  the  diameter  of  the  tube  of  the  cannula. 
Pal  a  pair  of  forceps,  with  the  blades  together,  into  the  incision,  and  then 
dilate  it  by  sej^ai-ating  the  blades  till  it  is  large  enough  to  allow  the 
camiula  to  be  introduced.  Push  the  cannula  into  the  stomacli  so  that 
The  outer  plate  lies  against  the  external  abdominal  wall.  Tie  the  stomach 
to  it  ))y  the  threads,  and  tLeu  puss  their  ends  through  the  edges  of  the 
woiind  in  the  alxlominal  wall  in  such  a  way  as  to  fasten  the  stomach  to  it 
»oti  at  the  same  time  to  keep  the  cut  edges  in  apposition.  No  otiier 
lutare  is  re<quired.  Leave  the  cannula  uncorked  for  at  least  half-an-hour 
iiftttp  the  operation  is  finished,  for  whenever  the  dog  recovere  from  the 
chloroform  it  will  vomit,  and  if  the  cannula  l>e  corked  the  fiuid  contents 
of  the  stomach  are  apt  to  be  forced  past  the  side  of  the  cannula  into  the 
abdominal  cavity.  Feed  the  dog  on  milk  for  one  or  t^^o  days,  and  if  the 
■ipenuiou  be  perfonned  in  winter,  ke^p  it  in  a  ])lace  warmed  night  and 
'I«y.  The  <lay  after  the  operation  the  edges  of  the  wound  will  be  much 
woll^u,  but  the  swelling  will  subside  in  a  day  or  two.  After  the  wound 
flu  begun  to  heal,  the  cicatrix  may  thicken,  and  the  outer  plate  of  tho 
^uuinla  begin  to  press  too  much  on  the  rim,  so  that  it  ulcerates.  If  thia^ 
iKonld  occur,  the  cannula  must  be  lengthened  by  unscrewing  the  two  flanges ; 
l^urthcr  apart.     The  cannula  may  be  close<l  by  an  iudiu-rublier  stopper," 

■^r  by  a  cork In  order  to  collect  the  juice,  let  the  animal  fast 

tV  wveral  hours,  so  that  its  stomach  may  be  quite  empty,  but  not  for 
inore  than  a  day,  as  the  mucous  memlirano  would  become  covered  with 
A  thick  coating  of  mucus.  Let  the  assistant  pat  the  d<jg,  and  keep  it 
jBiet;  withdraw  the  cork  from  the  cannuliij  and  tickle  the  in.side  of  tho 
»lom»ch  with  a  feather  tietl  to  a  glass  rod.  Put  a  small  beaker  underneath, 
*)  ihttt  the  end  of  the  rod  rests  on  its  bottom  :  the  gastric  juice  will  flow 
into  it  down  the  sides  of  the  rod'." 


Various  experimenters  diflfer  on  the  question  as  to  whether  it  is 

ter  to  operate  for  gastric  fistula  on  animals  whilst  fasting  or  with 

stoioach  distendetl.    Of  recent  experimenters  Paniinn  has  declared 

bimwlf  in  favour  of  operating  when  the  stomach  is  full :  Holmgren 

Heidenhain.on  the  contrary,  operate  when  the  stomach  is  empty, 

fonuer  distending  the  stomach  with  air  by  means  of  an  elastic 

be  introduced  through  the  ctsophagus.     The  operation  is  said  to 

more  siaccessful  when  implicating  the  left  than  the  right  half  of  the 

mach. 

When  it  is  stated,  in  conclusion,  that  the  operation  for  gastric 


1  Sntoree  of  oarbolised  catgut  should  now  be  UHeJ. 

'  UantUMokfor  tlu  L'kytiohgical  Laboratory,  p.  477  et  teq. 
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fistula  should  be  performed  with  antiseptic  precautions,  and  tlwr 
in  collecting  the  gastric  juice  some  experimenters  have  found  ii 
useful  to  suspend  the  animal  in  a  sling,  the  reader  will  have  been 
placed  Jn  possession  of  the  knowledge  re«]uired  by  one  about  to 
make  an  investigation  necessitating  the  establishment  of  gastric 
fistulro. 

When  a  gastric  fistula  is  established  in  a  dog,  the  juice  which 
flows  from  it  is  naturall}'  mixed  with  saliva.  To  obviate  this  adraii- 
tiire  some  experimenters^  established  salivary  fistulae,  so  as  ta 
prevent  the  submaxillary  and  parotid  secretions  from  entering  the 
stomach. 


Sect.  4.    The  more  obvioits  Phenomena  attevdino  Secketiox 
OF  THE  Gastric  Jcxce. 

The  Tnjlueiice  of  the  Nervous  St/stem  upon  it. 

The   fasting  lu  man  and  mauy  carnivorous  animals  the  proce&t 

■tomach  la  of  gastric  digestion  is  one  which,  during  health,  odIv 
pale  ;  It  COB-  occupies  a  few  hours.  At  its  completion,  the  stomach  i*^ 
trie  luSe  ^^  found  quite  empty,  the  pallid,  uninjected  mucous  mem- 
brane being  merely  coven?d  by  a  thin  layer  of  raucits, 
which  at  the  pyloric  end  usually  has  au  alkaline,  and  at  the  cnrdi;w: 
end  an  acid  reaction.  There  is  no  accumulation  of  gastric  juice  iu 
the  resting  stomach,  such  as  would  occur  if  the  gastric,  like  certain 
other  glands,  secreted  continuously. 

The  o^Mtervationa  made  on  this  subject  by  Dr  Beaumont  on  tl>e  man 
AlexiH  St  Martin'  iire  of  f:ir  greater  value  than  those  made  »ip(m  dogs 
with  gastric  fistnlae,  for  tlie  nmn  in  spite  of  his  fistula  was  in  a  thoroughly 
physiological  condition,  wljilst  a  dog  with  a  cannula  in  situ  has  ipso  fado 
B  constant  atimuhis  acting  u]K>n  the  stomach.  It  is  in  this  way  that  we 
expUin  the  fact  that  large  i|uantities  of  gastric  juice  have  been  found  id 
the  stomach  of  a  do^  with  ^atric  fistula,  though  it  had  Ijoeii  fasting  for 
24  hoiira^,  and  that  some  observei-s*,  drawing  their  conclusions  merely  from 
the  case  of  dogu  with  gafltrio  fistula;,  have  asserted  that  the  secretion  of 
gastric  juice  like  that  of  bile  is  a  continuous  one. 

From  the  fact  that  during  fasting  the  stomach  does  not  contain 
gastric  juice  we  should  conclude  that  the  saHva,  which  unquestionably 
is  constantly  being  swallowed  and  piissing  into  the  stomach,  is  only 
capable,  on  reaching  the  gastric  mucous  membrane,  of  causing  the 


'  Bardeleben,  and  Bidder  and  Schmidt. 

'^  These  oboenatiuns  have  been  confirmed  by  the  observatioD  of  other  ca^ea  of 
ftactrio  fistula  in  man.  See  neideuhain,  Hermann's  Jlaiidhuck,  Vol.  r.  p.  Ill  ffoot- 
note). 

*  Heidenhain,  HonnannV  Handbwh,  Vol.  v.  {1880),  p.  111. 

*  Braun.  Eckhard's  BtiiT.  x.  Anat.  u.  Phj^g.,  Vol.  vn.  (1876),  p.  39. 
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^ecredoD  of  a  very  small  quantity  of  gastric  juice,  a  conclusion  which 
Agrees  with  the  observations  of  Heidenhain. 


Whenever  a  foreign  body,  such  as  the  bulb  of  a 
<*i  imutton  thermometer,  is  hrouglit  iu  contact  with  the  interior  of 
bos  lUii  bet^  the  stomach,  the  mucous  membrane  is  seen  to  become 
*«•,  uu  pre-  turgid,  and  a  flow  of  gastric  juice  is  set  up.  The  sur- 
of  food,    face  of  ihe  stomach  is  seen  to  be  covered  by  *'  innumer- 


JJJJ^"*^    able  lucid  specks,"  which  .^seem  to  burst  and  "discharge  a 
JUI0,  limpid,  thin  fluid  ovur  the  whole  gastric  surface"  (Beau- 

mont). Whilst  mechanical  irritation  will  invariably 
occasion  a  flow  of  gastric  juice,  the  best  observers  (Tiedemann  and 
Gmelin,  Heidenhain,  &c.),  confirm  the  statement  of  Beaumont,  that 
by  this  means  only  a  limited  (quantity  of  gastric  juice  can  be  obtained; 
the  eflect,  as  Beaumont  surmised,  appears  in  this  case  to  be  a  purely 
local  one. 

When  instead  of  a  foreign  body,  solid  alimont  enters  the  stomach, 
the  turgescence  of  blood-vessels  of  the  organ  is  general  and  great,  and 
gastric  juice  is  poured  out  in  quantity  and  continuously.  The  cause  of 
the  difference  in  the  effect  of  purely  mechanical  stimulation  and  of 
stimulation  by  food  is  yet  dotibtful.    Some  light  seems  thrown  upon 
it  by  an  interesting  observation  of  Heidtinhain.     This  observer,  as 
vill  be  explained  at  length  in  the  sequel,  has  succeeded  in  separating 
a  portion  of  the  cardiac  end  of  the  stomach  from  the  rest  of  the  organ, 
retaining,  however,  its  vascular  and  nervous  connections.     By  sutures, 
this  jwrtion  of  stomach  is  couvertt^d  inta  a  tube,  blind  at  its  inner  end, 
but  possessing  an  opening  which  is  stitched  to  an  incision  in  the 
abdominal  wall     Thus  a  tube  \vith  walls  composed  of  cardiac  end  of 
siomach  can  be  obtained.     Heidenhain  observed  that  in  a  dog  in 
vLich  such  a  procedure  has  been  successfully  carried  out.  secretion  of 
3uii]  from  this  stomach-tube  came  on  from  1  j — 30  minutes  after  food 
M  been  taken  into  the  stomach,  and  continued  to  the  end  of  diges- 
tion.  If,  however,  a  meal  of  indigestible  substances  were  partaken  of. 
wcretiou  was  much  longer  delayed,  and  would  only  occur  when  the 
vmal  began  to  drink,  lasting  even  then  but  a  comparatively  short 
^me.  This  observation,  taken  in  connection  with  the  fact  that  during 
Jigftition  of  digestible  food  gastric  juice  is  abundantly  and  continu- 
omly  secreted,  whilst  it  is  not  so  after  mechanical  irribition,  points  to 
the  fact  that  the  products  of  digestion  when  absorbed  act  as  the  essen- 
twl  stimuli  to  the  secreting  stnictures  of  the  stomach  (Heidenhain), 
wid  thus  lead  to  the  difference  in  behaviour  of  the  stomach  according 
AS  it  is  thrown  into  action  by  mechanical  stimuli  or  by  digestible 
(wd. 

It  was  observed  by  Bidder  and  Schmidt  that  in 
nwb*  dogs    with    gastric    tistulfc    in    which    salivary   fistulse 

poMd  to  indl-    ^^^  been  established,  and  which  had  been  starvetl,  the 
eiu  that  the    sight  of  food  caused  an  abnormal  flow  of  gastric  juiced 


>  'S«br  bemerkeuftwertb  ist,  dass  b«i  nuchtemcii  Thieren  auch  der  blosse  Anblick 
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secreuon  of  Richet  also  observed*,  in  the  case  of  gastnc  fisltiU 
tiie  gastric  which  he  has  submitted  to  elaborate  investigation  (tbat 
fluenced*  by  ^^  Marceliu  N.)i  that  when  the  patient,  who  had  an 
tiie  nerroua  absolutely  impassable  stricture  of  the  oesophagus,  chewtjtJ 
djritem.  savoury  articles  of  food,  there  was,  simultaneously  with 

an  abnormal  secretion  of  saliva,  a  copious  flow  of  gastric  juice. 

These  facts  would  lead  one  at  first  to  conclude  that  the  gastric 
glands  are  under  the  closest  influence  of  the  nervous  system,  but. 
as  is  remarked  by  Heidenhain,  who  draws  attention  to  them,  the 
results  obsen'ed  may  be  explained  by  assuming  an  action  exerted  pri- 
marily on  the  muscular  movements  of  the  stomach,  or  upon  the  blood- 
vessels of  the  stomach. 

Section  of  the  pneumogastric  nerves  has  long  been  known  to 
influence  in  an  important  manner  the  functions  of  the  stomach 
It  has  been  asserted,  by  some,  that  after  division  of  these  nerves  the 
Secretion  ^f  gastric  juice,  as  well  as  the  movements  uf  the  stomach, 
cease  permanently  ;  by  others,  that  secretion  of  the  gastric  juice  i^ 
stopped  for  a  time,  and  then  becomes  re-established.  The  bulk  of  the 
evidence  which  is  most  to  be  relied  upon  clearly  shews,  indeed,  that 
the  pneumogastric  nerves  only  aflect  gastric  digestion  by  their  influ- 
ence upon  the  movements  of  the  organ,  and  that  after  their  divisloa 
secretion  of  gastric  juice  of  normal  constitution  takes  place. 

It  has  been  similarly  shewn  that  the  sympathetic  nerve-trunks 
connected  with  the  stomach  mny  be  destroyed  without  stopping  the 
secretion  of  giistiic  juice.  The  stomach  therefore,  unlike  niany 
secreting  organs,  is  not  known  to  be  dependent  on  the  control  of 
secretory  nerves  passing  to  the  organ  from  the  great  uerve-centres. 
It  cannot,  however,  be  regarded  as  definitely  proved  that  there  are  n*i 
secretory  nerves  running  from  the  central  ntirvous  system  to  the 
gastric  glands.  Since  the  gastric  glands  secrete  when  cut  off  from 
the  central  nenous  system,  we  have  to  inquire  whether  this 
brought  about  by  a  peripheral  nervous  mechanism  or  by  a  d 
stimulation  of  the  gland  centre.  The  abundant  nerve  ganglia 
nerve  plexuses  which  are  found  in  the  submucous  coat  of  the  stomach 
may  probably  represent  the  secretory  centres,  and  the  secretory  nerves 
which  preside  over  the  secretion  of  the  gastric  juice,  but  yet  anoth 
possibility  presents  iiself. 

It  is  conceivable,  argues  Heidenhaiu,  that  just  as  in  the  vegeta 
Drosera  the  secretion  of  the  digestive  glands  is  brought  about  by 
mechanical   iiritation  without  the   intervention    of  a   nervous    me- 
chanism, so,  ill  the  animal  stomach,  secretion  of  gastric  Juice 
follow   the  direct  application   of  a  stimulus  to  the   secreting   ei 
thelium. 

Ton  NahmngBmittelu  die  Absondcrung  ik'»  MagcnsafteB  zu  vennehren  verxnftg.  wovon 
wir  UDH  bei  Tbi»reD  mit  untcrliuudentu   Speicbelgiingta  vicilfoch   uberzeugt  hal 
Bidder  u.  Schmidt,  Dii!  VrrdauxtmjtfUfif  utiil  tier  Stofftrechjtcl,  p.  35. 

'  Gh.  Bichct,  'KccherohcH  sur  lauidite  du  &uc  gastriqiit)  dc  rhommc.faitea  but 
fistule  gftatrique.'     Comptei  Itemlus,  Vol.  lxxxiv.  p.  410.     Jnuni.  de  Phann.  et  Cftimie, 
Vol.  XXV.  p.  ^7.    Lte  4uc  yastrique  chez  VftouiNU  et  U$  animatu*    F&rifi,  1878. 
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Skt.  5.    Physical  and  Chemical  Characters  of  the 
Gastric  Juice. 


Pure  gastric  juice,  such  as  can  be  obtained  by  the  stimulation  of 
the  mucous  membrane  of  the  stomach  of  au  animal  in  which  a  gastric 
fiatnla  has  been  aiicceaKfully  established,  is  a  thin,  usually  colourless, 
thotigh  sometimes,  as  in  the  dog,  yellowish  liquid,  possessed  of  a  very 
ucid  reaction,  and  of  a  faintly  acid  mawkish  taste,  and  of  a  peculiar 
though  not  easily  defined  odour. 

It  ha.s  a  specific  gravity,  which  varies  between  1001  and  1010. 
the  spetnfic  gravity  varying  in  the  same  animal  with  varying  condi- 
tioDs  of  the  secretion. 

When  boiled,  the  gaatric  juice  is  not  coagulable,  but  ceases  to  be 
active.  When  cooled  to  0 '  C  the  gastric  juice  of  warm-blooded  ani- 
mals ceases  to  exert  its  peculiar  digestive  powers. 

The  gastric  juice  of  man  contains  less  than  one  per  cent,  of  solid 
matters,  of  which  about  two- thirds  are  organic  and  one-third 
mineral. 

The  gafitric  juice  may  be  kept  for  weeks  and  months  without  ex- 
lubitiog  any  signs  of  putridity,  and  retaining  its  proteolytic  activity. 
It  possesses  considerable  antiseptic  proi)erties,  as  may  be  observed  by 
moistening  slightly  putrid  meat  with  the  juice.  This  property  is 
believed  to  be  due  to  the  free  acid  which  it  contains. 

The  essential  physiological  attribute  of  the  gastric 

juice  is  the  power  of  breaking  down  and  dissolving  a 

large  part  of  the  solid  proteid  aliments  and  convcrtmg 

them  into  so-called  albumoses  ami  peptones.    This  power 

depends  upon  the  co-e.xistence  in  tne  juice  of  an  enzyme 

lerroed  pepsin  and  an  acid  which  has  been  shewn  to  be  either  free 

hydrochlonc  acid  or  a  more  complex  conjugate*!  acid  formed  by  the 

^i-uiou  of  hydrochloric  acid  with  au  organic  body,  which,  however,  ii 

it  exists,  is  readily  dissociated  with  the  evolution  of  hydrochloric  acid. 

Neither  pepsin  nor  hydrochloric  acid  are  active  alone,  but  a  mixture 

of  the  two  bodies,  in  the  presence  of  a  proper  quantity  of  water  and 

*t  a  suitable  tempt;rature,  acta  essentially  as  the  normal  gastric  juice. 

^'Kitst  the  enzyme  pepsin  is  absolutely  indispensable,  the  acid  may 

^replaced  by  other  acids  and  yet  proper  digestion  will  take  place. 

Besides  the  proteolytic  ferment  pepsin,  the  gastric  juice  in  man 
^odwjrtain  other  animals  contains  a  milk-curdling  ferment,  which  we 
"^ay  term  the  curdling  ferment  or  'rennin*  {Foster,  Lea),  and  to 
^iiich  the  name  Chyraosin  has  also  been  given  by  Deschamps*. 
Neither  pepsin  nor  the  rennet  ferment  have  yet  been  isolated  as 
purecliemiftal  bo(Hes,  but  our  knowledge  of  their  properties  is  derived 
^Ui  tt  study  of  solutions  which  contain  them  in  a  state  of  greater 
or  leas  purity. 

'  Hunm&rflt«n,  LeUrhueh  d.  physioloy.  ChemU,  Wiesbaden  1891,  T.  1SB» 
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Besides   the   enzymes    we    have   raentioned,   and   more 
extraneous  admixture  with  mucus,  sume  fat,  and  organic  pi 
digcHtion,  the  gastric  juice  contiiins  alkaline  chlorides,  earthv 
phates,  and  iron.     No  experiments  have  been  made  to  determioe 
presence  or  nature  of  any  gases  which  it  may  hold  in  soktioa 
feeble  combination. 

VartoM  r«-  "^^^  following  are  some  of  the  principal  chi 

acUoM    oihi-    of  pure  gastric  juice  of  the  dog  *. 
bited    by    the  It   is   not   coagulated  on   boiling,   which   howei 

gastric  Juice,  destroys  its  proteol}tic  properties.  The  acid  juice 
according  to  some,  coagulated  by  ferrocyanidc  of  potastiium,  thos 
the  evidence  ou  this  point  is  not  unanimous. 

Concentrated  mineral  adds  produce  no  turbidity,  or  precipit«le. 

Alkaline  carbonates  throw  down  a  scanty  precipitate,  consisiiiig 
mainly  of  earthy  salts,  carrying  down  with  them,  however,  a  pordnu 
of  the  organic  matter,  although  the  filtrate,  when  acidulated,  still 
retains  digestive  powers. 

Sodium  chloride,  when  added  to  saturation,  precipitates  many  if 
the  albumoses  which  the  juice  contains,  together  with  a  large  partol 
the  ferments. 

Mercuric  chloride  produces  a  precipit&te,  which  contains  a 
but  not  the  whole,  of  the  pepsin  present 

Silver  nitrate   precipitates  the  chlorides  and    hydrochloric 
present,  and  likewise  a  jMirt  of  the  pepsin. 

Lead  salts,  as  lead  acetate,  form  precipitates  containing  a  grcAt 
part  of  the  pepsin.  From  this  precipitate  much  of  the  pepsio  maj 
be  separated  by  mere  washing  with  water. 

Alcohol  produces  a  white  precipitate,  which,  if  the  quantity  of 
alcohol  added  be  not  excessive,  slowly  dissolves  in  water,  yieldit^ 
a  solution  which  when  acidulated  with  hydrochloric  acid,  digests 
actively.  When  a  largo  excess  of  alcohol  is  however  added  to  tic 
gastric  juice,  the  precipitate  is  said  by  Frericha  to  lose  for  evff 
its  digestive  properties. 

Before  examining,  in  detail,  the  facts  which  ait 
known  concerning  the  ferments  and  the  acid  of  the 
gastric  juice,  and  their  relation  to  the  process  of 
digestion,  the  attention  of  the  reader  is  drawn  to  the 
following  often  quoted  analysis,  exhibiting  the  general 
composition  of  the  gastric  juice  of  the  dog.  No  complete 
and  at  the  same  time  reliable  analysis  of  the  gastric  juice  of  maii  is 
available*,  however  there  is  no  reason  for  supposing  that  the  secreti** 
in  man  is  sensibly  different  from  that  of  the  dog. 


Betolts  of 
analyBes  ex- 
hlbltlAff  the 
general  com- 
poeltlon  of  the 
gastric  Juice. 


1  Frericha,  Article  '  Vcrdauung'  in  Wa^rner'B  HandtcHrterbueh,  Vol.  ni.  p.  786. 

^  There  ih  a  coaetaully  quoted  analysis  of  the  gastric  juio6  of  a  vomafi.  nttJ^ 
by  C.  Schmidt,  which  the  author  caunot  admit  bh  luUi^factory  inasmuch  as  the  frt^ 
acid  vhich  it  reveals  is  at  least  ten  tiuwtj  below  that  which  ia  now  knovn  (o 
in  healthy  human  gaittrio  juice. 
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jSMiPOsrnoN  OF  the  gastric  juice  of  the  dog.  obtained  with- 
out .U^MIXTURE  WITH  SALIVA  (THE  MEAN  OF  TEN  ANALYSES  BY 
C.  SCHMIDT). 


Water  in  1000  parts 

973-062 

Organic  matters   (including  peptones 

pepsin,  mucin) 

17127 

FreeHCl     . 

3050 

NaCI 

2-507 

KCI 

1-125 

NH.Cl 

0-468 

Cad, 

0*624 

Ca,  2{P0.) 

1-729 

I'pS-'"''.    : 

0-226 

0-082 

Sect.  G.    Artificial  Gastric  Juice. 

It  has  been  stated  that  the  most  striking  property  of  the  gastric 
jcice  is  its  power  of  dissolviug  and  digesting  solid  prateid  bodies, 
providing  the  process  be  carried  on  at  a  favourable  temperature, 
that  is  from  20' — 40^  C. ;  it  has  also  been  stated  that  this  property 
depends  upon  the  presence  of  an  enzyme  called  pepsin  and  a  free 
acid,  neither  of  these  being  capable  of  acting,  in  its  characteristic 
manner,  independently  of  the  other. 

Eberle  was  the  first  to  shew  that  the  solid  mucus  which  can  be 
acniped  from  the  surface  of  the  mucous  membrane  of  the  stomach 
undergoes  solution  under  the  iutiuence  of  dilute  acids.  And  he 
tbus  prepared  an  artificial  gastric  juice  which  possessed  the  power 
of  digesting  suitable  substances  at  a  proper  temperature*.  Eberle 
likewise  found  that  acid  in  which  raucous  membrane  of  the  stomach 
W  been  digested  possessed  powers  of  dissolving  proteids.  Eberle 
however  fell  into  the  great  error  of  supposing  that  mucus  was  the 
*«9ential  proteolytic  agent,  and  actually  asserted  that  with  mucus 
token  from  other  organs  than  the  stomach,  as  for  example  with  nasal 
BDucuB,  digestive  liquids  couKl  be  prepartid. 

The  observations  of  Eberle  were  first  repeated  by  Johannes 
iliiller,  shortly  afterwards  by  J.  Miiller  and  his  pupil  Schwann*,  and 
they  brought  to  the  work  a  perspicuity  and  a  scientific  acumen  which 


'  Eberle,  Phynologii  dtr  Verdauuriif  nach  Vertuchen.  Wiiraburg,  1884.  See  at 
pife  loC  the  following  pasBAge:  "  MageoBaft  von  Thieren  gewonDen,  bewixkto  die 
d^nuflcation  mehrerer  Speieen  in  d«r  Warmc  nn[>h  anafuir  dcm  Magco,  und  nach 
A^MD  ^gen«n  Vereuohen  geUugt  cDdlicli  uuch  diu  Chymiii cation  dor  Nahrungamittel 
israh  d«n  kuoflUicIi  berciteten  MagenBaft  iit  der  Warmo  vollHthndig." 

'J.  Ufiller  o.  Tb.  ScbwaiiD,  'Vur^iuche  Ubur  die  kiinbtliohe  Verdauimg  des  geroD- 
Eiweisses.'     Miiller'i  Archiv,  lU»ti,  p.  60. 
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were  singularly  absent  in  the  first  observer.  It  was  Schwann*  who 
pointed  out  how  erroneous  was  the  view  of  Eberle  that  raucin  was 
the  principle  which  conferred  proteolytic  powers  upon  ao  acid  inftisioD 
of  the  raucous  membraoe  of  toe  stomach,  by  shewing;  that  the  active 
principle  held  in  solution  in  artificial  digestive  juice  prepared  by 
the  action  of  a  dilute  acid  upon  the  gastric  mucous  membraue,  hail 
properties  which  are  different  from  those  of  mucin,  and  further  that 
by  actiag  upon  mucus  obtained  ft-om  other  organs  than  the  stomach, 
a  true  digestive  liquid  cannot  be  obtained. 

Metbods   of  !•     The  stomach  of  a  pig  is  opened,  emptied  of 

preiMuing  ar-  its  contents,  and  then  the  surface  cleaned  with  a 
UfloUl  gaitric  ^^.^  spouge  ('ruiiuiug  water'  will  dissolve  out  a  con- 
^     *'  siderablti  part  of  the  pepsin).     The  mucous  membraue 

is  removed  from  all  but  the  pyloric  end  of  the  organ.  It  is  theti 
freed  from  a  portion  of  the  water  which  is  adhering  to  it  by 
pressure  between  dry  cloths,  and  minced.  The  finely  divided 
mucous  membrane  is  then  placed  in  two  or  three  litres  of  dilute 
hydrochloric  acid  containing  from  six  to  ten  cc.  of  strong  HCl  per 
litre,  and  the  mixture  is  digested  in  the  incubator  at  a  temperature 
of  So"" — 45^  C.  for  a  period  varying  from  a  few  hours  to  a  day.  If 
sufGcient  iluid  be  preseut  and  the  mixture  now  and  then  shakeu,  all 
ought  to  be  dissolved  in  a  few  hours,  leaving  but  a  small  quantity  of 
brownish  flakes  and  some  mucus  undissolved.  The  liquid  is  filtered 
through  paper,  and  then  may  be  kept  for  several  months,  without 
undergoing  decomposition,  and  retaining  active  proteolytic  pro- 
perties. 

Artificial  gastric  juice  prepared  in  this  way  is  very  energetic  in 
its  actioUj  and  forty  or  fifty  cubic  centimetres  added  to  200  cc.  or 
300  cc.  of  O'l  por  cent.  HCl  solution^  will  be  usually  found  to  fwmisli 
a  highly  active  digestive  fluid.  Such  a  juice  does  not,  howevei, 
contain  merely  acid  and  pepsin,  but  considerable  quantities  of  albo* 
moses  and  peptones. 

2.  The  following  method  was  recommended  long  ago  by  Kuhne' 
for  obtaining  a  juice  possessed  of  considerable  activity  and  yet  contaiu* 
ing  but  smaU  quantities  of  peptones.  Open  the  stomach  soon  after 
death,  empty  it,  and  wash  it  thoroughly  in  cold  water.  Then  scrape 
the  surface  with  a  blunt  instrument  so  as  to  remove  a  layer  of  mucus 
mixed  with  epithelium  cells.  The  matter  thus  removed  is  rubbed 
up  with  pure  quartz  sand,  or  glass-powder,  and  cold  water,  which 
dissolves  the  pepsin  which  the  mixture  contains.  On  filtering,  au 
opalescent  liquid  is  obtained  which,  when  acidulated  so  as  to  coutaiu 
O'l — Q'2  per  cent,  of  HCl,  possesses  powerful  digestive  activity. 


^  SchwRDn,  *Cd>er  das  Wesen  des  VerdaaungBprooesi. '    MQUer's  Archiv,  I896< 
p.  90. 

3  Ktilme,  Ltfu-bueh  d,  pkyiiologischen  ChetnU,    Leipzig,  1S68,  p.  8S. 
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ti  Of  all  methods  yet  suggested  for  the  preparation  of  an  active 
irtiiicial  gastric  juice,  the  following,  suggested  by  Kuhne  and  Chitten- 
den, furnishes  the  most  active  preparation,  and  also  one  in  which 
the  proportion  of  extraneous  products  is  iu  smallest  amount.  The 
mucous  membrane,  from  the  cardiac  region  of  several  pigs'  stomachs, 
say  live  or  six,  is  reduced  to  a  tine  state  of  division  and  is  then 
digested  for  fourteen  days  at  40"  C.  with  from  two  to  three  litres  of 
O'Sper  cent,  hydrochloric  acid. 

At  the  end  of  this  time  in  presence  nf  so  large  a  quantity  of 
pepsin  and  acid,  all  but  traces  of  the  so-cuilleti  albumoses  have  been 
converted  into  peptones,  which  axa  in  solution  together  with  pepsin, 
ftithotigh  there  remain  uudissulved  a  small  proportion  of  foreign 
matters,  nuclelns,  anti-albuniid,  kc 

The  liquid  is  filtered  and  saturated  with  powdered  ammonium 
wiphate.  This  salt  in  addition  to  its  power  of  precipitating  any 
albumoses  which  may  be  present,  throws  down  the  whole  of  the 
pepaio.  The  precipitate  is  collected  on  a  filter,  washed  with 
Mitirated  solution  of  ammonium  sulphate,  and  is  then  dissolved  in 
O^per  cent,  hydrochloric  acid. 

To  the  acid  solution  is  added  0"25  per  cent,  of  thymol,  and  it  is 
tkn  dialysed  iu  running  water,  until  the  whole  of  the  ammonium 
late  has  been  removed. 

On  opening  the  dialysing  tubes  a  precipitate  is  found,  which  is 
soluble  in  02  per  cent.  HCl,  and  furnishes  a  very  active  gastric 
juice.  The  filtrate  also  when  acidulated  so  as  to  contain  0*2  per 
cent  of  HCl,  furnishes  an  intensely  active  gastric  juice'. 

4.  Take  a  glycerin  extract  of  mucous  membrane  of  the  stomach 
and  mix  with  dilute  hydrochloric  acid  containing  0*2  per  cent.  HCl. 

.5.  A  solution  of  pepsin  prepared  by  methods  afterwards  to  be 
ilescribed,  may  be  added  to  dilute  hydrochloric  acid  of  suitable 
^ngth,  so  OS  to  furnish  an  artificial  gastric  juice  of  great  purity. 

We  have  recommended  above  that  dilute  hydro- 
chloric acid  containing  01  or  0  2  per  cent  of  HCl 
should  be  used,  for  it  resulted  from  the  observations  of 
Brlicke  that,  cceteris  parihis,  pepsin  acts  most  ener- 
getically on  many  proteids  if  present  in  a  fluid  con- 
taining approximately  this  (juantity  of  hydrochloric  acid;  the  most 
ourable  strength  for  the  solution  of  fibrin  bein^  0080 — U088  per 
L,  whilst  for  coagulated  white  of  egg  it  is  as  high  as  0*12  or  0*16 
percent.  It  would  appear  however  from  the  observations  of  Kiihne 
Aod  Chittenden  that  the  digestive  process  is,  in  some  cases  at  least, 

'  KiUiDc  Aod  Chittenden,  'Ueber  die  Peptone'  Zfittchrift  fiir  BioJogU,  Vol.  xxn. 
|i  Ua.  And  itj  .Studies  from  the  Laboratory  of  Physiological  Chemistry  of  Yale  Uni- 
wmtj.  fdited  by  B.  H.  Chittendeu,  PhJ>.,  Vol.  ii.  (1887)  p.  18  and  Chittenden  and 
holloa,  'E((g-AJbumin  and  Albumoses.'  Stud,  from  Lab,  of  Pityt.  Chem,  of  Yule 
Cnir.  VuL  ii.  p.  135. 
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much  more  active  if  a  stronger  HCl,  oven  up  to  Oo  per  cent.,  be 

emploj'etl. 

Hydrochloric  acid  may  be  replaced  by  other  dilate 
acids  in  the  preparation  of  artificial  gastric  juice,  as  by 
nitric  acid,  tribasic  phosphoric  acid,  lactic  acid.  ic. 
It  appears  that  sulphuric,  acetic,  oxalic  and  tartar^c- 
acida  act  more  feebly  . 


Hydrochloric 
acid  may  be  re. 
placed  by  otber 
aotda  In  the 
preparation  of 
ariiflctal  gaa- 
trlc  Juice. 


Determina- 
tion    of     the 
activity  of  an 
artlflcial    gas- 
tric Juice. 


We  usually  determine  that  an  artificial  digestive 
juice  is  possessed  of  proteolytic  activity  by  placing  ii 
in  an  Incubator,  or  iu  other  ways  maintaining  it  at  a 
temperature  favourabletopepticproteolysis(3o° — 50'C.I. 
and  then  adding  to  it  (a)  a  flocculus  of  well  washed 
fibrin,  preferably  of  fibrin  which  has  been  previously 
swollen  by  digestion  in  cold  dilute  solution  of  hydrochloric  acid  ('1  per 
cent):  {b)  thinly  cut  slices  of  coagulated  white  of  egg:  or  (c)  boiled 
white  of  egg  finely  ponnded  in  a  mortar  and  pressed  through  a  fine 
sieve  :  and  observing  the  time  occupied  in  the  solution  of  the  proteiih 
used.  A  full  description  of  the  methods  of  detenuiniug  the  relatire 
amounts  of  pepsin  in  different  solutions  will  be  given  in  the  sequel. 


Chemical  Agents  which  injiuence  Peptic  Digestiati*. 

All  chemical  agents  which  precipitate  pepsin  arrest  digestion  by 
it,  and  generally  the  salts  of  the  heavy  inetals  exert  this  acliou, 
as  lead  acetate,  copper  sulphate,  mercuric  chloride  and  alum.  Neutnil 
salts  of  the  alkalies  and  alkaline  earths,  as  sodium  chloride  and 
sulphate,  magnesium  sulphate,  and  potassium  iodide  hinder  peptic 
digestion.  Arseuious  acid  is  apparently  without  action.  Hydriodic 
and  hydrnbroniic  acids  hinder  peptic  digestion.  Sulphurous  acid 
arrests  it.     Hydrocyanic  acid  has  but  very  slight  action. 

Whilst  tannic  acid  arrests  digestion,  some  of  the  organic  acidfl 
which  have  most  powerful  action  on  organized  ferments,  hinder  the 
action  of  the  peptic  enzyme  but  little.  Thus  in  small  quantities 
carbolic  acid  dues  not  hinder  digestion  ;  in  medical  practice  it  is 
indeed  found  that  carbolic  acid  often  not  only  checks  abnormal  pro- 
cesses of  fermentation  going  on  in  the  stomach,  but  that  when 
administered  together  with  pepsin,  it  actually  seems  to  aid  this 
body. 

Salicylic  acid  in  large  doses  interferes  with  peptic  digestioD, 
though  according  to  Kiihne  the  pepsin  is  not  destroyed  even  by 
digestion  for  several  days  with  large  quantities  of  salicylic  acid. 
In  diminishing  the  rapidity  of  peptic  digestion  salicylic  acid  is,  how- 
ever, certainly  more  powerful  than  carbolic  acid. 

1  See  many  authorities  quoted  by  M&Iy  on  this  sabjeet,  Hermann'!  Handbuch,  Vol 
T.  Part  ii,  (1»B1),  p.  72. 

'  The  author  haa  derived  his  information  ou  this  subject  from  Prof.  Male's  aitidi? 
in  Hermann's  Handbuch  tier  Physiohgig, 


METHODS  OF  PREPARING  PEPSIN. 


.     An  Account  of  the  Attemi>ts  to  separ.\te  Pepsin, 
and  to  establish  its  characters. 

Pepsin. 

Eberle  was  the  first,  as  we  have  seen,  to  shew  that  the  uuicoua 
membraue  of  the  stomach  undergoes  solution  under  the  infiuence 
of  dilute  acids,  and  he  described  a  mode  of  obtaining  an  artificial 
gastric  juice  which  possessed  the  power  of  digesting  suitable  sub- 
staoces  at  a  proper  temperature.  His  experiments  were,  however, 
couceraed  rather  with  the  behaviour  towards  chemical  reagents  of 

artificial  gastric  juice  than  with  the  study  of  its  real  digestive 
activity,  the  nature  of  which  ho  much  misunderstood.  Schwann,  we 
have  also  seen,  almost  immediately  afterwards  took  up  the  investi- 
gation of  artificial  gastric  juice.  He  pointed  out  that  the  mucous 
iBt.'mbrane  of  the  stomach  alone  was  capable  of  yielding  an  artificial 
gastric  juice ;  that  it  did  not,  as  Eberle  had  thought,  share  this  pro- 
perty with  other  mucous  membranes,  and  he  set  about  trying  to 
isolate  the  principle  which  conferred  upon  dilute  acids  the  property 
of  dissolvinff  certain  of  the  food  constituents. 
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The  mucous  membrane  of  the  stomach  was  digested 
in  water,  find  the  aqueous  solution  was  treated  with 
ferrocyanide   of   potassium,   so   as   to   precipitate   the 
proteids  present  in  the  solution.     The  fluid  was  filtered, 
and  tlie  filtrate  was  neutralized  with  potassium  car- 
bonate;  it  was  then  precipitated  with  a  solution  of  corrosive  sub- 
limate.    The  precipitate  produced  by  this  body  was  suspended   in 
dilute  hydrochloric  acid  and  decomposed  by  means  of  sulphuretted 
hydrogen.     The  solution  filtered  from  sulphide  of  mercury  possessed 
intcDse  proteolytic  activity.     To  the  proximate  principle  present  in 
the  mucous  membrane  of  the  stomach,  which  he  in  some  degree 
had  separated  by  his  process,  Schwann  gave  the  name  of  Pepsin, 
without  however  laying  any  pretence  to  having  isolated  it. 


Wumann'i  By  a  modification  of  Schwann's  method,  Wasmann" 

■•ttiodof  pre-    soon  after  succeeded  in  obtaining  a  soluble  solid  pepsin, 
possessed  of  very  intense  activity. 


PutncpepsixL 


The  mucous  membrane  from  the  fundus  of  a  pig's  stomach,  was 

ifxilly  disscjcted  off  and  treated  with  water  at  30' — 40"*  C,  and 

*€r  some  hours  the  liquid  was  poured  off,  the  mucous  membrane 

'ii^  thereafter   treated  again  and  again  with  cold  water.      The 

united  wat-ery  liquids  were  precipitated  with  lead  acetate  or  mercuric 

'  WaflQuuin,  De  diytstioM  rionnu//a.  Diss.  Inuui;.,  BeroliDJ,  1839.     The  author  has 
pot  ben  able  to  aoe  this  disaortation.    The  account  of  WaBinanD's  pepsin  given  in  tbo 
tt  18   taken    almost    verbatim   from    Maly,   'Chemie  der   Vtirdauung,'   Hurmann'a 
ibuek.  Vol,  V.  Part  U.  (1881),  p.  44. 
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chloride,  the  precipitate  containing  lead  or  niercury  compounds  of 
proteids.  entangling  peptones,  was  collected,  suspended  in  water,  aoJ 
decomposed  by  means  of  sulphuretted  hydrogen,  and  from  the  filtrate 
after  concentration,  pepsin  (mixed  with  proteids)  was  precipitated  bj 
means  of  alcohol. 

The  precipitated  flocculi  when  dried  yielded  a  yellow,  gutn-likt 
matter.  Acids  caused  a  turbidity  in  the  solution  of  this  pepsin, 
metallic  salts  produced  a  precipitate. 

According  to  Wasmann  the  proteolytic  action  of  his  pepsin  was 
so  great  that  one  part  in  60,000  of  water,  when  acidulated,  aissolved 
coagulated  albumin  in  from  six  to  eight  hours. 

By  Wasmann's  method,  as  by  all  other  methods  yet  suggested, 
it  is  impossible  to  prepare  pure  pepsin — though  unquestionably, 
asKuming  his  assertions  to  be  correct,  his  method  yielded  him  an 
extraordinarily  ix>tent  product. 

Briicke'*^  The    mucous    membrane   of  the    pig's   stomach  is 

method  of  uo-  separated  from  the  subjacent  muscular  coat,  and  after 
latino  pepBin.  careful  wa.shing  and  removal  of  the  adhering  water  by 
pressing  between  blotting-paper,  is  finely  divided,  preferably  in  a 
mincing  machine.  The  mass  is  then  digested  in  a  5  per  cent,  solution 
of  tribasic  phosphoric  acid,  at  a  temperature  of  35  C,  until  nearly 
the  whole  is  dissolved,  The  solution  contains  all  the  pepsin  in 
solution,  together  with  large  quantities  of  parapeptones  and  j)ep- 
tones.  The  acid  tiuid  is  almost  neutralized  by  tlie  addition  of  lime- 
water,  whieli  causes  a  piecipibite  of  Cii^  (P^VV  This  precipitate 
carries  down  with  it  much  uf  the  pepsin  previously  dissolved,  whilst 
a  considerable  portion  of  the  parapeptouei*  and  the  whole  of  the 
peptones  are  loft  in  the  solution.  The  gelatinous  precipitate  is 
carefully  washed  with  water,  pressed,  suspended  in  water  and  HCl 
added  until  it  just  dissolves.  The  solution  is  then  poured  little  by 
little  ti.^  the  bottom  of  a  tube  containing  a  saturated  solution  of 
cholesterin  made  by  <lis3olviug  that  body  in  a  mixture  of  four  parts 
of  alcohol  and  one  part  of  ether.  When  the  slightly  acid  a(.]ueou5 
solution  comes  in  contact  with  the  ethero-alcoholic  liijuid  it  producea 
a  precipitate  of  cholesterin;  this  precipitate  is  repeatedly  shaken 
up  witli  the  liquid  in  which  it  is  produced.  The  cholesterin  which 
has  carried  down  with  it  mechanically  a  part  at  least  of  the  pepsin 
originally  present,  is  collected  on  a  filter  and  is  washed  first  with 
water,  then  with  acetic  acid,  and  lastly  again  with  water,  until  the 
wash-waters  are  no  longer  acid  and  give  no  turbidity  when  trea 
with  silver  nitrate. 

The  moist  cholesterin  L«  now  shaken  up  in   a  stoppered  bottl 
with  pure  ether.     The  liquid  in  the  bottle  then  separates  into  tw 
layers,  the  upper  of  which  is  composed  of  an  ethereal  solution  of 
cholesterin,  the  lower  of  water  (which  had  adhered  to  the  cholesterin) 
holding  pepsin  in  solution.     The  ethereal  layer  is  separated  from  the 

1  Brttoke,  VorUtunffen,  Vol.  u.  p.  800. 
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Ifltt^r,  which  is  shaken  again  aud  again  with  ether,  until  all  traces  of 
cholesterin  are  removed.  The  aqueous  solution  is  then  found  to  be 
slightly  turbid,  but  ou  filtration  may  be  obtained  perfectly  clear. 
The  filtered  lic|uid,  when  acidulated,  possesses  proteolytic  activity. 
HTjcd  allowed  to  evaporate  spontaneously,  it  leaves  a  greyish, 
amorphous,  non-hygroecopic.  nitrogenous  body,  soluble  with  some 
difficulty  in  water,  but  more  readily  soluble  in  dilute  acids. 

There  is  no  reason  to  suppose  that  the  substance  obtained  by 

this  method  is  a  definite  chemical  individual.     It  has  been  alleged  in 

its  favour  that  it  yields  the  digestive  enzyme  pepsin  in  a  purer  con- 

liitiou  than  that  m  which  it  could  be  obtained  by  older  methods. 

The  process  of  preparation  is  however  tedious  in  the  extreme  aud 

very  costly,  and  it  has  made  way  for  other  methods  which  furnish  us 

with  much  more  active  solutions  of  pepsin,  though  still  not  of  a  p^^psin 

which  we  can  consider  to  represent  the  pure  enzyme.     This  metliod 

has  not  in  the  hands  of  later  observers  given  satisfactory  results. 

An  aqueous  solution  of  Briicke's  pepsin  is  not  precipitable  by 
platinum  tetrachloride,  by  mercuric  chloride,  b}'  lead  acetate,  neutral 
or  basic,  by  tannic  acid,  by  iodine,  or  by  concentrated  nitric  acid. 
X*lie  solution  only  exhibits  in  a  faint  manner  the  xanthoproteic  re- 
action. According  to  Briicke  it  is  precipitated  by  neutral  and  basic 
Lead  acetate  and  made  cloudy  by  solution  of  platinum  tetrachloride; 
tViough  Krasilinikow,  in  Briicke's  laboratory,  by  dialysing  the  s*j1u- 
tion,  got  rid  of  the  platioum  reaction,  but  nut  of  the  lead  acetate 
reaction. 

r  witttch'i  Pepsin,  as  was  discovered  by  v.  Wittich*,  shares 

method  of  pr«-    the  property  possessed  by  the  majority  of  enzymes,  of 

panne  1.  Boiu-    being  soluble  in  glycerin.     In  order  to  prepare  a  gly- 

laiiifiirtB^        cerin  extract  of  popsin,  the  finely  divided  and  cleansed 

mucous  membmue  of  the  fundus  of  the  stomach  may 

be  placed  for  eight  or  ten  days  in  concentrated  glycerin.     On  subse- 

'luenlly   straining   and   filtering,  a  glycerin   solution   of  pepsin   of 

cotuiderable  activity  is  obtained, 

A  better  way  of  proceeding  is  to  place  the  mucous  membrane 
for  twenty-four  hours  in  water,  and  then  to  dehydrate  the  finely 
divided  mucous  membrane  by  placing  it  for  twenty-four  hours  in  an 
wcess  of  80  per  cent,  alcohol,  hltering,  driving  off  the  alcohol  which 
fi'lherea  to  the  tissue  by  evaporation  in  air,  comminuting  the  dried 
residue  still  further,  and  then  adding  to  it  its  own  weight  of  glycerin. 
■^tot  some  days  the  glycerin  is  strained  off  and  replaced  by  a 
fresh  quantity,  the  process  being  repeated  several  times. 

From  the  glycerin  extract  of  pepsin  the  impure  ferment  may  by 
'^I'tained  in  a  solid  form  by  adding  a  large  excess  of  absolute  alcohol, 
"luch  precipitates  it.  This  impure  pepsin  may  be  further  precipi- 
tated by  having   recourse   to   the   method   described   in   the  next 


*  T.  Wittich,  Pflilger'a  Archiv,  Vol.  u.  p.  I9B.  and  Vol.  in.  p.  198. 
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paragraph.  It  may  be  noted  that  mach  less  pepsin  is  obtained  from 
a  mucous  meujbraue  which  has  been  treated  with  absolute  alcobul, 
than  from  one  which  has  been  simply  dried  or  taken  fresh. 

MethoiXs    of  Pepsin  in  solution  appears  to  bo  absolutely  indif. 

purifying  p«p-  fusible  through  parchment-paper.  Given,  then,  on 
Bia  based  up-  ^^jj  solution  such  as  artificial  gastric  juice,  which 
fMibuity"  contains  traces  of  albumoses,  small  quantities  of 
peptones  and  pepsin,  the  first-named  bodies  may  be 
got  rid  of  by  long-continued  dialysis  and  filtration,  a  dilute 
aqueous  solution  of  pepsin  ultimately  remaining  in  the  dialyset^. 
The  non-diffusibility  of  pepsin  from  a  solution  containing  it  into 
pure  water  was  first  pointed  out  by  v.  Wittich*,  who  however  stated 
that  when  the  dialyser  was  surrounded  by  dilute  hydrochloric  acid 
(of  0'2  percent.),  pepsin  did  diffuse.  Hammarsten'  afterwards  shewed 
tbat  the  latter  statement  was  incorrect,  and  established  the  fact 
of  the  absolute  indiffusibility  of  pepsin  into  either  neutral  or  add 
solutions. 

In  order  to  prepare  a  solution  of  pepsin  by  the  aid  of  dialysia, 
we  may  proceed  in  various  ways,  as  {a)  an  artificial  gastric  juice, 
made  in  the  way  previously  described,  is  subjected  to  dialysis  for  a 
period  of  several  days.  (6)  Having  followed  ont  Briicke's  method 
for  the  preparation  of  pepsin  so  far  as  the  solution  of  the  pepsin- 
containing  precipitate  of  calcium  phosphate  in  dilute  hydrochloric 
acid,  this  solution,  having  been  neutralised,  may  be  subjected  to 
prolonged  dialysis  (Maly).  (c)  Having  precipitated  by  means  of 
alcohol  impure  pepsin  from  a  glycerin  extract  of  the  fundus,  the 
precipitate  is  dissolved  in  dilute  hydrochloric  acid  (containing  0'2p<?r 
cent,  of  HCl),  and  the  solution  is  then  dialysed. 

In  all  these  cases  it  is  best  to  place  the  dialyser  in  a  running 
stream  of  water,  the  actual  form  of  dialyser  being  that  suggested  by 
Kuhue,  in  which  a  tube  of  parchment-paj>er  contains  the  solutioD 
to  be  subjected  to  the  process  of  diffusion.  As  these  tubes  are  now 
very  frequently  made  of  parchment-paper  which  is  not  perfect,  it  is 
very  convenient  to  adopt  the  following  plan,  which  has  been  com- 
municated to  the  author  by  Mr  Benger,  of  Messrs  Mottershead  and 
Co.,  of  Manchester,  and  which  answers  admirably.  A  sheet  of  De 
la  Rue  8  parchment-paper  is  soaked  in  water,  and  when  thoroughly 
pliable  is  drawn  together  so  as  to  form  a  bag  into  which  the  liquid 
to  be  dialysed  is  poured.  The  bag  is  then  tied  up  tightly  and  sus- 
pended in  a  stream  of  running  water.  If  it  be  desired  to  remove 
the  last  traces  of  diffusible  substances,  such  as  peptones,  from  the 
solution  of  pepsin,  the  process  of  dialysis  must  be  carried  on  for  a 

*  Dr  KranUnikow  in  1H64  was,  Kccording  to  Hammarsten,  the  fint  to  make  dm  of 
dialjitis  for  the  preparation  of  par«  Bolutionn  of  pepsin. 

^  T.  Wittiob,  *Da«  Pcpeiu  and  tKine  Wirkung  auf  Blnifibrin.'   PflQger's  Arehit\  V<A. 
V.  p.  435. 

*  HammarBteiit  *  Uebor  die  Indiflusibilitat  des  Pepains.*    Maly'B  JdhrahcricHt,  \i 
m.  (1874).  p.  160. 


suthods  of  preparing  pepsin. 


89 


period  of  from  eight  to  fourteen  days ;  and  in  order  to  avoid  putre- 
jktive  changes  thymol  may  be  added  to  the  liquid  which  is  being 
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duiljBed  or  the  acid  which  has  difiFused  away  must  from  time  to  time 
«  festered  (Hammarsten)'.  It  is  obviously  desirable  to  keep  the 
™g  or  tube  in  a  state  of  continuous  or  rythmically  interrupted  agita- 
thm  by  the  aid  of  a  motor,  as  in  Lea's  apparatus  figured  at  Page  46. 

The  noo'diffusibility  of  pcpain  was  also  shewn  by  Wolffhiigel  in  a  paper  entitled 
'Uuer  Fvpttn  tmd  Fibriuverdauuns  otue  Pepsin.'  Ptltiger's  ArchiVf  VuL  vii.  (1873), 
P.1M, 
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OommercUl  Various  preparations  liave  been  sold   in  commerce 

preparatioiu      under  the  name  of  Pepsin.      Officinal  pepsin  has  in 
of  pepria.  many  cases  consisted  merely  of  the  dried  mucous  mem- 

brane of  the  stomach  of  the  pig  reduced  to  powder  and  mixed  with 
starch  or  milk-sugar.  Some  has  consisted  of  a  product  made 
essentially  by  Wasmann's  method  (see  p.  85)  mixed  with  large 
quantities  of  starch  or  sugar.  One  of  the  most  active  of  the  prepara- 
tions of  commerce  is  made  by  a  method  devised  by  Schaner,  and 
wliich  rests  upon  the  following  facts.  If  to  artificial  gastric  juice 
sodium  chloride  be  added  in  large  quantities,  the  albumoses  which 
are  held  in  sulufciou  are  precipitated  and  rise  to  the  surface  as  h 
scum,  which  may  be  ladled  off;  this  scum  is  however  rich  in  pepsin, 
which  is  mechanically  retained  by  the  albumoses  as  it  is  by  the 
calcium  phosphate  precipitate  in  Brlieke's  process  of  pepsin  prepa- 
ration. The  scum  is  collected  and  preserved,  and  is  either  dned 
and  afterwards  powdered,  or  it  is  mixed,  whilst  yet  moist,  with  sugar 
of  milk.     In  both  these  forms  it  has  been  sold  in  commerce-. 

Various  very  active  preparations  of  pepsin  have  of  late  made 
their  way  in  commerce,  as  for  instance,  Jensen's  '  Crystal  Pepsin; 
Liebreich's  *  Pepsin  Esseuz,'  Benger's  '  Liquor  Pepticus/  and  Bul- 
lock's 'Acid  Glycerin  of  Pepsin/  which  last  is  a  glycerin  extract 
of  extraordinary  and  remarkably  uniform  strength,  and  possessing 
scai-cely  any  other  taste  than  that  of  glycerin. 

Having  described  the  various  modes  of  obtaining  pepsin  and  it* 
preparations,  it  is  necessary  to  discuss  the  nature  of  the  acid  or  acids 
of  the  gastric  juice,  before  undertaking  the  study  of  gastric  diges- 
tion, from  which  alone  we  can  derive  any  satisfactory  information  a» 
to  the  properties  of  pepsin. 


Sect.  S.    The  Acid  (or  Acids)  of  the  Gastric  Juice. 

It  was  pointed  out  in  the  historical  account  of  the  earlier  re- 
searches on  digestion  that  many  of  the  older  writers  supposed  gastric 
digestion  to  be  due  to  the  secretion  of  an  acid  corrosive  fluid. 

The  fact  that  the  gastric  juice  was  esseiitialhj  an  acid  fluid  was 
not  admitted  until  nearly  the  first  quarter  of  the  present  century 
had  paased.  It  is  true  that  some  observers,  as  Carminati,  Brugna- 
telli,  Viridet,  Werner\  Montegre*.  had  experimentally  determmeJ 
that  in  particular  cases  the  gastric  juice  had  an  acid  reaction,  but 
their  observations  were  not  supported  by  those  made  by  Spallauzani 
and  others'.  Moreover  certain  of  the  evidence  adduced  in  favour  of 
the  acidity  of  the  gastric  juice  was  not  sufficient,  as  we  now  know, 
to  prove  the  fact;  as  for  instance  that  milk  is  curdled  by  the 
tion  uf  the  stomach,  a  phcuomenoa  now  known  to  be  independt 
of  an  acid  reaction. 

*  Carminati,  Drugnatolli,  Viridet,  Werner,  quoted  by  Tiedemann  and  Omelin 
Die  Vrrdanung  nack  Venmeherif  Vol,  z.  p.  147. 

'  MonUgre,  .S'«r  la  Digeittion  de  Vllmnvu.     Paris,  1804. 

*  See  Mag(>ndie,  Pr€eU  iUmentaire  di  PhyaioloffU,  T.  ti.  p.  U. 
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Pront'i  du-  In  ISS-t*  Dr  Prout^  published  his  investigations  on 

•o^wy  or  the  nature  uf  the  at;id  ol"  the  >;ustric  juice,  which  were 

h^tocuoiio  conducted  upon  the  water}'  solution  of  the  acid  con- 
em«tric  jui<».  tents  of  the  stomachs  of  animals  killed  during  diges- 
tion, and  upon  acid  vomite<l  matters  of  man.  Dr  Prout 
cii<i  not  merely  determine  the  acidity  of  these  liquids  by  ascertaining 
ttk€  amount  of  alkali  required  to  neutralize  them,  but  he  shewed  that 
l^esides  containing  considerable  quantities  of  chlorides^  the  acid  con- 
tentfi  of  the  stomach  contained  hydrochloric  acid  which  could  be  scpa- 
rskted  by  distillation. 

These  observations  were  confirmed  by  Children*  and  by  Bra- 
connot*.  Tiedemaun  and  Gmelin*,  though  admitting  that  they  had 
in  certain  cases  discovert^  hydrochloric  acid  in  the  contents  of  the 
»'tomach,  were  of  the  opinion  that  Prout  Lad  been  in  error  in  con- 
sidering it  as  the  only  acid  present,  as  they  had  found  both  acetic 
ffvoid  and  butyric  acid. 

Bcaumont'.s  observations  on  St  Martin  conclusively  reconciled 
tlie  discrepant  statements  of  previous  observers  by  shewing  that 
'«''l)ilat  the  gastric  mucous  membrane  may  have  a  neutral  or  alkaline 
reaction  during  fasting,  the  gastric  juice  has  invariably  an  acid  taste 
3.rjd  acid  reaction.  An  examination  of  the  ga.stric  juice  made  by 
Professors  Dunglison  and  Emmett*  in  1833,  confirmed  Prout  s  state- 
ment that,  on  distillation,  gastric  juice  evolves  hydrochloric  acid 

Uhnuan't  Prout  had  searched  for  lactic  acid  in  the  gastric 

*UcoT*rr  of  juice,  but  had  failed  to  find  it.  Lehmann,  however, 
J^cuc  actd  m  arrived  at  a  diflPerent  result\  and  he  concluded  that  lactic 
J^ice  '"^"^^  acid  is  really  the  normal  acid  of  the  gastric  juice,  and 
that  the  hydrochloric  acid  found  by  Prout  and  others  in 
*^istilling  the  gastric  juice  was  produced  during  the  process  of  distilla- 
tion by  the  action  of  free  lactic  acid  upon  the  chlorides  of  the  juice. 
This  view  Lehmann  subsequently  modified,  admitting  the  presence  in 
the  gastric  juice  both  of  '*free  lactic  acid  and  lactates,  in  addition  to 
free  hydrochloric  acid\" 

Many  observers,  as  Benmrd  and  Barreswill',  Pelouse*  and  Dundas 

*  Prout.  Philotophicni  Trunmctioiut,  1824,  Part  i.  p.  45. 
'  ChUAzen,  Annah  of  Philotvphy,  for  Jxtli/,  IH'24. 

*  Bmconnot,  Jnnalrt  tU  Chimit,  Vol.  i.ix.  p.  348. 

*  Tiedesuum  u.  Omelio,  Op.  cit..  Vol.  i.  p.  161.  These  Buthors  disoovered  the 
l^^VseDOe  of  hydrochloric  acid  in  the  gastric  juice  iDdcpendently  of  I'rout,  as  the;  inform 
™«  reader  in  ihe  Preface  to  their  great  worki^-'Proat  gebUhret  die  Ehre  der  crsten 
Eaidfidtnng.  Aber  wir  haben  gie  ebenfaUs  uuabbiingig  von  ihtn,  int  Februar  1624, 
^  der  DiBtiUation  verschiedeDcr  Magenfiiissigkeiten  entdeokt^  und  erst  eincu  Monat 
^^■ohb«r  kain  nns  wine  Abbandlung  tlber  diesen  Gegenatand  zu  GeBicht/  (Vol.  i. 
PvtCtoe.  n.  12). 

'  FxofeaBor  DungUgou's  report  is  published  in  Beaumont's  work,  page  69. 

*  Lehmann,   lifricht  d.  Ge^eHschaft  der  Wuttnachajlen  zu  Leipzig,  Vol.  l  1847, 
MOO. 

*  Lehmaon,  Phytiological  ChemUtry.     Cavendish  Society,  1851,  Vol.  i.  p.  93. 

"  Claude  Bernard,  Le^on*  de  Phytiologie  exp^rinuntale  appiiquet  h  la  il6decinfy 
ToL  n.  jlSW). 

*  Pelooae,  Compteu  R^iuim,  Vol.  xix.  p.  1227. 


1 


92     c.  Schmidt's  researches  on  acid  of  gastric  jcice.    [book  a 

Thomson  \  came  to  the  same  couclusion  as  Lehmann,  aud  opiuioas 
were  mucL  divided  as  to  the  causes  of  the  acidity  of  the  gastric  juice 
until  the  researches  of  C.  Schmidt  about  to  be  referred  to. 


0.  Schmidt's 
researchea. 


As  a  result  of  eighteen  concordant  analyses  of  the 
gastric  juice  of  carnivorous  animals,  Bidder  and  Schmidt 
announced  in  1852  that  the  gastric  juice  of  animals  which  have  pre- 
viously fasted  for  a  period  of  IS — 20  hours  contains  onl^  free  hydro- 
chloric acid  and  no  trace  of  lactic  acid  or  of  any  other  organic  acid 
The  gastric  juice  of  herbivorous  animals  was  however  found  to  contaia 
small  but  variable  quantities  of  lactic  acid^  doubtless  derived  £ro 
tho  starchy  constituents. 

The  method  followed  by  C.  Schmidt  consisted  in  precipitating 
weighted  quatitity  (100  grammes)  of  gastric  juice,  which  had  been 
strongly  acidified  by  nitric  acid,  with  silver  nitrate.  The  silver 
chloride  thus  precipitated  was  after  suitable  treatment  weighed,  and 
furnitihc'i]  the  total  amount  of  chlorine  present  either  as  hydrochloric 
acid  or  in  combination  with  bases.  The  filtrate  was  then  freed  from 
silver  by  the  addition  of  an  excess  of  hydrochloric  acid,  evaporated  to 
dryness,  ignited,  and  the  total  amount  of  bases  present  determined. 

It  was  found  that  in  every  case  the  amount  of  CI  present  was 
larger  than  could  have  been  the  case  had  tlie  whole  of  the  bases  been 
present  as  chlorides.  Further,  the  amount  of  free  acid  present  was 
determined  by  neutralizing  with  weighed  quantities  of  solutions  of 
caustic  potash,  as  well  as  of  lime  and  bar}i,a  water,  and  it  was  found 
that  the  amount  of  base  required  for  neutralization  corresponded  to 
the  amount  of  hydrochloric  acid  determined  by  the  first  method 
of  research,  whilst  had  lactic  acid  been  present,  a  larger  quantity 
of  alkali  would  have  been  needed  for  neutralization*. 

Since  these  investigations  of  C  Schmidt  it  has  been  admitted  that 
the  cauHB  of  the  acidity  of  the  normal  gastric  juice  is  hydrochloric 
acid,  though,  as  will  be  tihcwn  in  the  sequel,  Richet  has  of  late 
advanced  the  view  that  the  acid  is  conjugated  with  an  organic 
body,  presumably  leucin. 


^ 


Certain  Colour  Reactions  depending  upon  ike  nnture  of  the 
Acid  of  the  Gastric  Juice, 


Various  colour  reactions  have  been  discovered  of  late  years,  which 
enable  us  to  discriminate  between  dilute  solutions  of  mineral  and  of 
organic  acids ;  these  have  been  applied  to  the  investigation  of  the 
gastric  juice  with  the  result  of  confirming  the  observations  of  Prout 
and  of  C.  Schmidt,  and  of  proving  that  the  healthy  gastric  juice  con- 
tains a  free  mineral  acid  and  therefore  hydrocliloric  acid. 


>  Thomson,  London,  Kdhi.  and  Dublin  Philotoph.  Mag.,  1845. 

3  Bidder  u.  Sohmidt,  Dit  VtrdauunguHfte  xind  der  Utoficuchselj  page  44  et 
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BabatMQ't  Wheu  starch   mucilage  is  mixed   with   potassium 

rtaction*.  jodate  and  iodide,  a  solution  is  obtained  which  is  blued 

by  a  dilute  solution  of  hydrochloric  acid,  but  not  by  a  dilute  solution 
of  lactic  or  acetic  acid.  The  reagent  employed  by  Rabutcau  wa.s  made 
by  adding  to  50  c.c.  of  starch  mucilage  1  grm.  of  potassium  iodate  and 
O'opTO.  of  potassium  iodide.  Rabuteau  found  that  the  gastric  juice 
invariably  caused  a  blueing  of  the  solution,  and  this  could  not  have 
boon  the  case  had  the  gastric  juice  owed  its  acidity  to  an  organic 
acid. 

SMoh'i  J.  Reoch*  observed  that  a  mixture  of  citrate  of  iron 

^"••citoiL  and  quinine  and  of  potassium  sulphocyanide  was  coloured 

red  by  gaatric  juice,  just  as  it  is  by  a  dilute  solution  of  mineral  acids, 
whilst  a  dilute  soltition  of  organic  acids  does  not  lead  to  the  formation 
of  the  red  colour.  The  reagent  has  been  modified  by  SzaW»*  and 
employed  in  such  a  manner  as  to  permit  of  an  estimate  of  the  amount 
of  Diiuenil  acid  being  found. 

Equal  volumes  of  half  per  cent,  solutions  of  ammonium  sulpho- 
cyanide and  of  potassio-sodic  tartrate  are  mixed.  One  cubic  centi- 
'netre  of  the  pale  yellow  solution  is  coloured  of  a  brownish-red  colour 
^3'  the  addition  of  0*5 — 10  c.c.  of  a  dilute  hydrochloric  acid  containing 
1  part  of  HCl  in  1000  parts,  whilst  a  solution  of  lactic  or  of  acetic 
*<nds  produce  no  reaction  unless  the  acid  amount  to  15  or  20 
P^  cent. 

With   this   reagent   it  can   l)e  shewn   that  tlie  gastric  juice   of 
^^Ithy  animals  contains  a  mineral  acid. 

lUtiiyl-  A  solution  of  methyl-anilin  violet  is  first  of  all  ren- 

•«Umrtolet  dered  blue,  then  green,  and  ultimately  decolourized  by 
^''***°^-  dilute  solutions  of  mineral  acids,  whilst  dilute  organic 

ftcids  do  not  afifect  the  violet  colour.  The  reaction  was  first  observed 
^^  Witz.  then  applied  by  Hilger  to  the  dctectinn  of  sulphuric  acid  in 
'^itiegar.  Maly*  subsequently  employed  it  in  researches  connected 
^"ith  physiological  chemistry. 

It  would  appear,  however,  from  the  observations  of  Ewald'  and  of 
t^fiFelmann*  that  this  reagent  does  not  give  perfectly  reliable  results 

'  BftbaiCAU,  Gautte  iSfdicaU  de  Parif,  1874,  p.  114.  This  author  subsequently 
^Qflnn«d  the  presence  of  HCl  in  the  gastric  juice  by  a  brilliant  experiment.  He  found 
^^t  when  quinine  ia  added  to  the  gastric  juice,  it  U  dissolveil  in  considerable  amount, 
*tx^  be  succeeded  in  separating  in  a  perfecUy  pore  and  crj'stallized  condition  hydro* 
*^UorBt«  and  not  lactate  of  quinine.     CompUn  lUndtm,  txxx..  (1875),  p.  6L 

"  lUooh,  'The  Acidity  of  the  Gastric  Juice.'  Journal  of  Jnat.  and  Phy$,,  Vol.  xir. 
(1874).  p.  274- 

'  SuibOk,  'Zur  Eeuntniss  der  freien  Saure  des  meoschlichen  Magensaftes.*  Zeit- 
*^hriftf.  p/»yi.  Chem.,  Vol.  i.  (1877),  p.  168. 

*  &uly,  *  Unterfiuchangen  iiber  die  Mittel  Kur  Siiurebilduug  im  Organismus,*  Ac, 
^titMhri/t  f.  phy$.  Cfutitifj  Vol.  i.  p.  174.  (See  •  Qualitativer  Nachweia  freier  Salz. 
•kure.'&cp.  1«».) 

*  C.  A.  Ewald.  'Ueber  das  angvblicbe  Fehlen  der  freien  Salzsaore  im  Magenaafto.' 
'^tiUehr.f.  klin.  Mediein,  i.  619. 

*  Uffelmann,  '  Ueber  die  Methode  der  Untersucbong  des  Mageninhaltes  auf  fireie 
Biaien.'     Archiv  f.  kUn.  A/cdirin.  Vol.  xxvi.  p.  431. 
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when  employed  in  the  investigation  of  gastric  juice  as  orflinarili 
obtaineil  on  account  of  the  presence  of  proteids  in  it.     The  sai 
remark  applies  to  00  tropaeolin,  which  has  been  employed  in 
investigationof  gastric  juice,  but  which  is  not  to  be  relied  upon  in  tl 

presence  of  the  organic  matters  which  it  contains. 


00  Tropno. 
Un  re&ction. 


I 


A  Hulutiun  of  this  budy  (the  potassium  salt 
phenyl  amido-azobenzene-sulphonic  acid)  is  made  in" 
alcohol.  A  few  drops  of  the  yellowish  solution  are  added  to  the 
litiuid  to  be  tested.  If  a  mineral  acid  be  present,  a  fine  pinkish  red 
colour  is  developed,  but  if  a  dilute  organic  acid,  no  change  occurs  or 
the  solution  merely  becomes  of  a  more  reddish  yellow  tint  without 
shewing  any  of  the  pink  of  the  HCl  reaction. 

This  reagent  may  be  employed  in  a  different  manner.  Drops  nf 
a  siiturated  sniution  are  allowed  t«i  evajwrate  on  a  porcelain  slab  at 
40'' C,  and,  whilst  at  this  tctnperatiire,  a  drop  of  thu  liquor  to  be 
tested  is  added,  when  on  evaporation  a  violet  stain  is  left  if  HCI  be 
present.  '006  per  cent,  of  pure  hydrochloric  acid  can  thus 
detected. 

This  colouring  matter,  which  is  sohible  in  water, 

furnislies  an  exceedingly  delicate  test  for  free  acids, an( 

for  their  detection  it  may  be  employed  in  aqueous  solution  or 

saturating  filter  paper  in  it  and  then  drying  it. 

Free  hydrochloric  acid  even  in  very  dilute  solutions,  changes  the 
red  to  an  intense  blue  colour,  whilst  organic  acids  cause  it  to  assume 
a  violet  tint. 

This  reaction  appears  to  the  author  one  of  the  most  sensitive  and 
most  useful  which  have  been  suggested  for  the  detection  and  dij 
crimination  of  the  acids  of  the  gastric  juice. 

Papers  stained  with  this  colouring  matter  are  not 
affected  by  solutions  of  organic  acids,  however  cone 
trated,  whereas  dilute   solutions   of  liydrochloric   acid   change 
bluish-green  tint  to  a  grass-green  colour. 

"The  reagent  recommended  by  GUuzburz  contj 
2  grms.  of  phloro-glucin  and  1  gramme  of  vanillin 
dissolved  in  100  c.c.  of  alcohol.  When  hydrochloric 
acid  is  added  to  this  solution,  it  deposits  beautiful  red  crystals.  For 
the  detection  of  the  acid  in  gastric  juice  it  is  employed  thus: — To 
the  fluid  to  be  tested  for  acid  an  equal  quantity  of  the  reagent  is 
added,  and  the  mixture  evaporated  in  the  water  bath.  The  presence 
of  hydrochloric  acid  is  shewn  by  a  delicate  rose-red  tint  on  the 
surface  of  the  porcelain  dish.  In  this  way  so  little  as  OOG  per  cent. 
of  the  acid  is  discernible,  and  the  reaction  is  not  impeded  by  organic 
acid,  albumin  or  pepton*." 


Emerald- 
Oreen. 


Pnloro- 
glucln         and 

Vanillin 


ti^y 

not 

1 


1  V.  Jftkfloh,  'Clinical  Diagnoua.*    Translated  from  the  2nd  Germ.  Edition  by  Jamen 
Cagney,  M.A.,  M.D.  &c     London,  Charles  Oriffin  and  Co.,  1890,  see  pages  98  and  91 
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Benio*  A  Still  more  sensitive  colour  test  is  said  to  be  fur- 

riiiyurtn.  nished  by  benzo-purpurin.  altbougli  the  author  cunnot 

3^>«ak  of  it  from  liin  owa  experience.     The  following  account  is  taken 
from  V.  Jaksch. 

"  Five  railligrammes  will  serve  to  shew  0*39  milligrammes  of  acid 

dissolved  in  6  ca  of  water  (Hellstrom),  causing  the  dark-red  colour  of 

-tXie  solution   to  give  place  to  a  light  violet.     A  similar  change  is 

^■fTected  with  acetic,  formic,  and  lactic  acids ;  but  the  colour  obtained 

■with  organic  acids  is  rather  a  brownish-violet,  and  requires  a  greater 

quantity  of  the  latter  for  its  prxluction  ;  in  the  case  of  acetic  acid, 

xiot  less  than  0*84  milligramme.     Test  papers  may  be  prepared  by 

soaking  strips  of  filter  paper  in  a  saturated  watery  solution  of  benzo- 

f>«rpuriD,  and  subsequently  allowing  them  to  dry.     If  one  of  these  be 

placed  in  gastric  juice,  it  will  immediately  stain  a  dark  blue,  provided 

o^drochloric  acid  be  present  in  a  proportion  not  less  than  0*4  grm.  to 

lOOcc.    A  brownish-black  tint  maybe  due  to  the  presence  of  organic 

(lactic  or  butyric)  acids  ;  or  from  a  mixture  of  these  with  hydrochloric 

atcid.    The  ambiguity  in  this  case  may  be  dispelled  by  placing  the 

peper  so  stained  in  a  test  tube  and  shaking  it  up  with  sulpnyric  ether, 

■^vben  so  much  of  the  colour  as  is  due  to  the  presence  of  organic  acid 

'^nli  speedily  disappear,  leaving  a  lighter  stain,  or  restoring  the  paper 

to  its  original  tint.     If  hydrochloric  acid  alone  be  present  no  change 

■will  be  effected  in  this  way,  and  even  after  the  lapse  of  twenty-four 

*^our3  the  blue  stain  will  be  only  slightly  displaced'. 

la  the  Add  of  the  Gastric  Juice  free  Hydrochloric  Acidi 

The  observations  of  Carl  Schmidt  proved  that  the  gastric  juice 
^ntains  a  chlorine-containing  acid  uncombined  with  bases,  and 
^ken  in  connection  with  the  facts,  firstly  that  the  gastric  juice 
yields  free  hydrochloric  acid  on  evaporation,  secondly,  that  the 
gastric  juice  yields  the  same  reactions  with  certain  reagents  (niethyl- 
Holet,  Reoch's  reagent.  00  tropaeoliu)  as  a  dilute  solution  of  a  mineral 
acid,  it  would  appc^ar  in  the  highest  degree  probable  that  the  chlorine- 
containing  acid  is  in  reality  hydrochloric  acid. 

It  has  however  been  maintained  that  in  some  particulars  the 
gnstric  iuice  does  not  behave  exactly  like  a  dilute  solution  of 
hydrochloric  acid  of  the  same  <iegree  of  acidity.  Some  of  the  sup- 
p03i*d  points  of  difference  depend  however  upon  errors  of  observa- 
tion, and  others  are  explained  by  th«  modifying  influence  exercised 
^poD  the  hydrochloric  acid  by  the  organic  matters  of  the  gastric 
juice. 

It  was  asserted  by  Blondlot  that  gastric  juice  does  not  decompose 
^dum  carbonate,  and  the  supposed  fact  was  used  as  an  argument 
la  support  of  Blondlot's  theory  that  the  acidity  of  the  gastric  juice 

1  V.  Jaksob,  Op,  ciL,  p.  99. 
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was  due  to  acid  sodimn  phosphate.     '*  Dumas.  Melsens  and  Bern  ^ud 

have  found  that  not  only  the  carbonate,  but  also  basic  calcium  pitas- 
phate  is  soluble  in  gastric  juice,  lis  also  are  even  lead,  zinc  and  iron, 
hydrogen  being  simultaneously  developed*." 

Bernard  and  Barreswill^  also  maintained  that  the  insolubility 
of  calcium  oxalate  in  the  gastric  juice  proved  that  it  did  not  owe 
its  acidity  to  hydrochloric  acid,  inasmuch  as  a  solution  of  hydrochloric 
acid  containing  one  part  of  the  acid  per  mille  dissolves  the  salt 
It  has  been  shewn,  however,  that  the  organic  matters  of  the  gastric 
juice  must  be  the  hindering  cause,  as  when  gastric  juice  is  neutralized, 
and  then  its  natural  acidity  restored  by  the  atldition  of  hydrochloric 
acid,  the  solution  is  incapable  of  dissolving  CjO^Ca." 

Laborde*  thought  he  had  discovered  an  important  point  of  differ- 
ence between  gastric  juice  and  a  dilute  solution  of  hydrochloric 
acid  of  corresponding  acidity,  by  shewing,  first,  that  such  a  diluie 
solution  of  pure  hydrochloric  acid  when  treated  with  a  solution  of  cane- 
sugar,  possesses  a  more  powerful  inverting  action  than  the  gastric 
juice ;  the  inverting  power  of  the  latter  corresponding  to  that  of  a 
solution  of  lactic  acid  ;  secondly,  that  when  starch  is  heated  with 
a  dilute  solution  of  hydrochloric  acid  (containing  only  0'25  of  HCl 
per  mille)  at  155^  for  two  hours,  it  is  entirely  converted  into  dextrin 
and  grape-sugar,  whilst  with  gastric  juice  under  the  same  circum- 
stances the  conversion  of  starch  is  much  less  complete. 

Szabo"  has  suhjected  Laborde's  facts  to  a  searching  investigation, 
with  the  result  of  shewing  that  peptones  interfere  ^vith  the  action 
exerted  by  dilute  liydrochloric  acid  upon  starch ;  in  spite  of  this 
interference,  gastric  jiuce  has  an  action  which  is  much  more  intense 
than  that  of  dilute  lactic  acid,  and  which  is  essentially  the  same  as 
that  exerted  by  dilute  hydrochloric  acid. 


The  Researches  of  Richet. 

An  important  series  of  researches  has  been  performed  by  Richet 
of  late,  which  in  the  main  confirm  the  researches  of  Schmidt,  though 
they  have  led  the  author  to  an  hypothesis  which  is  yet  un- 
proved. 

Richet,  following  in  essential  particulars  Schmidt's  method  of 
analysu*.  came  to  the  conclusion  in  the  first  place  that  the  gastric 
juice  contains  a  free  chlorine-containing  acid. 

1  Lohmann,  Phytiohgieal  ChtmUtry,  CavendiBh  Society,  edition  1858,  Vol.  n. 
p.  44. 

^  Bernard  and  Barreswill,  Claude  Bernard,  Le^oiu  de  Phyi,  Exp&.  appUq^tie  h  !n 
Midecine,  1860,  Vol.  ii. 

*  Kuhne,  Lehrbuch  d.  physiol.  Chrmie,  p.  Si. 

*  Laborde,  'Nonvellea  rccberches  sur  I'acide  libre  da  snc  gastriqne.'  Gaulie 
midicaU  de  Paris,  1874,  No.  33—34. 

'  Szabd,  '  Beitrage  zur  Eenntniss  der  freien  Baure  dee  meuEchLicheu  UagenBaffcefi.' 
Ztitich.f.phyt.  Chemif,  Vol.  i.,  p.  140. 
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By  adopting  a  new  method,  to  be  immediately  referred  to,  he 
proved  also  more  satisfactorily  than  had  ever  been  done  before, 
that  fresh  gastric  juice  owes  its  acidity  to  a  single  acid,  though 
after  the  gastric  juice  has  been  kept  for  some  time  it  undergoes 
decompositions  which  lead  to  the  appearance  of  more  than  one  acid. 
Richet  has  however  been  led  to  the  conclusion  that  the  ehlorine- 
coDtaining  acid  of  the  gastric  juice  is  not  free  hydrochloric  acid,  but 
an  acid  conjugated  with  leucine. 

Bertheiot's  Jn  endeavouring  to   decide   the  question  whether 

^^^  tta    *^®  gastric  juice  contains  a  mixture  of  acids  or  one 
nature  of  kW«    ^^  oiily*  R-ichet*  made  use  of  a  method  de\Tsed  by 
ta  wittUon  by    Bertbelot,  which   will   doubtless  be  of  much  use   in 
thflir    •co«fll-    future  researches  in  physiological  chemistry, 
rtmof  dutri-  jjjg  method  rests  upon  the    following  principles  : 

When  a  watery  solution  of  an  acid  is  shaken  up  with 
au  equal  volume  of  pure  ether,  the  latter  fluid  takes  up  a  certain 
proportion  of  the  acid,  which  varies  with  the  nature  of  the  acid 
and  with  the  temperature.  The  ratio  of  the  amount  of  acid  con- 
tained in  the  ether  to  that  remaining  in  the  water  is  therefore  con- 
sUntfor  each  acid  at  a  given  temperature;  by  dividing  the  number 
expressing  the  acidity  of  the  water  (expressed  for  instance  in  terms 
of  a  standard  alkaline  solution  used)  by  the  number  expressing  the 
addity  of  the  ether,  we  obtain  as  a  quotient  the  "  coefficient  de 
pariage"  of  Berthelot,  which  we  may  term  the  *' coefficient  ofrepar* 
tiiioji^  or,  perhaps  better, '  coefficient  of  distinbution.  In  the  case  of 
niineral  acids,  the  amounts  dissolved  by  the  ether  are  very  small,  and 
the  coefficients  are  represented  by  high  numbers ;  in  the  case  of  the 
OTpnic  acids,  the  amount  soluble  in  ether  is  large,  and  the  coeflBcients 
*w  small  numbers. 

The  following  are  the  **  coeflBcients  of  repartition  "  of  some  organic 
acida: 

Lactic     acid 0=   88 — ll'O 

Succinic     „   C=    6*0 

Benzoic     „  C=   95 

Acetic        „  C=    1'4  i 

Tartaric     „  C  =  90"0 

"hen  two  or  more  acids  are,  however,  prcHcnt  in  a  watery  solu- 
^ou,  the  determination  of  the  coefficient  of  each  is  also  a  possible, 
though  necessarily  a  more  complex,  operation. 

By  employing  this  method,  Richet  found  that  perfectly  fresh 
gWric  juice  contains  essentially  one  acid  with  a  very  nigh  coefficient 
^f  distribution — an  acid,  that  is,  which,  as  the  mineral  acids,  is 
^ost  insoluble  in  ether. 

'  Clu  Riobek,  Le  Sue  Gattrique  chez  Vhommt  et  let  Aninuivs^  k*  fr&pTiiUa  Chimiquii 
^^  ^h^iologiqMt*,     Paris,  187B. 
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How  valuable  the  method  is  in  establishing  that  lactic  add 
could  not  be  the  cause  of  the  acidity  of  the  gastric  juice  is  shewn 
by  the  following  experiment : 

Pure  gastric  juice  was  nhaken  with  ether  and  the  acidity  of  the  acid 
and  ether  Hften^'ards  determined.  The  coefficieut  of  repartition  wiu  found 
to  be  137*1,  Le.  the  amount  of  acid  held  in  solution  by  the  water  wu 
137*1  times  greater  than  that  held  in  solution  by  an  equal  volume  of 
ether.  A  certain  quantity  of  the  same  gastric  juice  was  now  treated  vitb 
solution  of  barium  lactate.  By  the  action  of  the  HCl  of  the  juice  upon 
this  salt  there  woukl  obviously  be  set  free  an  equivalent  quantity  of  lactic 
acid,  which  should  now  l>e  t/te  free  acid  of  the  juice.  The  coefficient  of 
repartition  waa  now  determined  and  found  to  be  9'9,  i.e.  that  of  lactic 
acid. 

When  the  gastric  juice  is  kept,  however,  as  well  as  during  the 
process  of  digestion,  there  are  formed  other  acids,  such  as  lactic, 
butyric,  and  acetic,  the  occurrence  of  which  will  be  again  referred 
to,  in  discussing  the  changes  which  go  on  in  the  stomach  duriug 
digestion. 

Although  Hicbet  concludes  from  his  researches  that  the  gastric 
juice,  when  fresh,  contains  but  one  acid,  and  that  a  chlorine-containing 
mineral  acid,  he  is  led  by  an  experiment  now  to  be  referred  to, 
to  the  opinion  that  this  is  not  free  hydrochloric  acid. 

Hydrochloric  acid  ih  so  slightly  soluble  in  ether  that  it  does  nut 
possess  an  appreciable  coefficient  of  repartition.  If  however,  as 
M.  Berthelot  shewed^  an  alkaline  acetate  is  added  to  dilute  hydro- 
chloric acid,  acetic  acid  is  set  free  and  a  chloride  formed ;  if  then  we 
shake  the  mixture  with  ether  we  obtain  a  number  which  is  essen- 
tially the  coefficient  of  repartition  of  acetic  acid.  On  trying  this 
experiment  with  gastric  juice,  Richet  did  not  however  obtain  a 
coefficient  low  enough  for  acetic  acid ;  it  was  from  5  to  5*8  instead 
of  1*7.  This  fact  Richet  explains  by  saying  that  the  quantity  of 
acetic  acid  set  free  by  the  gastric  juice  waa  to  that  which  hy- 
drochloric acid  would  have  set  free  as  0*4  to  1,  and  from  this  he 
concludes  that  the  acid  of  the  gastric  juice  cannot  be  free  hydro- 
chloric acid. 

Richet  further  has  found  that  by  digesting  at  45°  dilute  hydro- 
chloric acid  with  the  mucous  membrane  of  the  fourth  stomach  of  a 
calf,  a  solution  is  obtained  which  behaves  in  respect  to  acetate  of  soda 
exactly  like  gastric  juice.  Upon  grounds  which  appear  to  the  author 
very  slender,  and  the  chief  of  which  is  that  he  has,  as  Klihne  has  done 
long  ago,  succeeded  in  separating  traces  of  leucine  from  the  mucous 
membrane  of  the  stomach,  Richet  believes  that  there  is  formed  in 
this  case,  a  conjugate  acid  of  leucine  and  hydrochloric  acid,  and  that 
such  a  conjugate  acid  is  the  normal  acid  of  the  gastric  juice.  The 
author  in  conjunction  with  Dr  Haslam  has  prepared  hydrochlorate  of 
leucine  and  finds  that  the  salt  does  not  in  relation  to  pepsin  act  as  an 
acid,  i.e.  that  when  pepsin  is  mixed  with  a  watery  solution  of  the 
compound  of  hydrochloric  acid  and  leucine,  and  the  mixture  is  heated 
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to40°C,,  it  possesses  no  digestive  properties.  Tliese  experiments 
appear  to  negative  conclusively  the  hypothesis  that  the  hydrochloric 
acid  of  the  gastric  juice  exists  in  combination  with  leucine. 

The  progress  of  research  will  probably  shew  that  the  deviation 
-from  strict  normality  exhibited  by  the  liydrochloric  acid  of  the  gastric 
'jtiice  is  due  to  the  organic  matters  which  it  contains.  Nevertheless 
the  information  obtained  by  Richet  on  the  main  question — viz.  that 
the  acid  of  the  fresh  gastric  juice  is  essentially  one,  and  that  it 
behaves  to  ether  as  a  mineral  acid,  must  be  considered  as  having 
^■•dded  very  greatly  to  our  knowledge  of  the  gastric  jmce,  and  taken 
life  oonnexion  with  other  facts  also  discovered  by  him,  to  our  know- 
ledge of  gastric  digestion. 


Lactic  and  Butyric  Acids  in  tJie  Oastric  Juice. 

Although  the  evidence  afforded   by  various  colouring  matters 
rapports  that  furnished  by  other  methods  of  research  and  leads  us 
to  conclude  that  the  essential  acid  of  the  gastric  juice  is  hydrochloric 
acid,  there  can  yet  be  no  duubt  that  the  juice  obtained  during  the 
P^oce88es  of  digestion   contains   other  acids   aad   especially   lactic, 
outvric   and   acetic   acids,  together  frequently  with  free  vegetable 
*cids  such  as  malic,  the  result  of  the  decomposition  of  salts  contained 
lo  the  food.     Of  these  acids  lactic  acid  is  probably  a  constant  physio- 
logical constituent  of  the  juice. 

<uurmiiiia«  ^"  order  to  test  for  lactic  acid  in  gastric  juice,  the 

9r«MDo*     of     fluid  should  be  repeatedly  shaken  with  ether^  and  the 

Urtic  tcu  In    ethereal  solutions  allowed  to  evaporate  spontaneously, 

iuttic  Juice.      i\^Q  residue  being  dissolved  in  water  and  subjected  to 

ibe  following  tests : 

1.  A  dilute  8t>lution  of  ferric  chloride  is  made  by  adding  from  2 
to  5  drops  of  a  10  per  cent,  solution  to  50  c.c.  of  water.  Such  a 
dilute  solution  is  almost  colourless,  possessing  only,  when  examined  in 
ihiu  layers,  a  very  faint  straw  colour.  When  a  trace  of  free  lactic 
«cid  is  added  to  it  however,  the  colour  is  at  once  chaufjed  to  a  much 
weper  yellow-straw  colour,  a  result  which  is  not  produced  by  either 
hydrochloric,  acetic  or  butyric  acids. 

2.  Dilute  a  4  per  cent  solution  of  carbolic  acid  with  twice  its 
volume  of  distilled  water  and  add  to  it  a  few  drops  of  a  solution  of 
ferric  chloride,  which  will  give  rise  to  a  violet  colour.  When  a 
^lution  containing  a  trace  of  lactic  acid  Ls  added  to  a  nmall  quantity 
'jf  this  violet  coloured  solution,  the  colour  disappears  or  rattier  the 
'^olei  is  changed  to  a  yellow  colour  {Utfelmann's  Reaction^).  This 
re*ction  is  inferior  in  value  to  the  6rst  mentioned. 


I  Ufffllmaim,  DeuUches  ArehivJUr  klin,  Med,  Vol  xnv.  (1864),  p.  437. 
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Methods    of  The  gastric  juice  ia  distilled,  and   if  butyric  And 

eeparatins  ba-  acetic  acids  are  present  they  will  pass  in  the  distillate 
tync  and  other  where  they  may  be  detected  by  their  ph}*sical  characters 
ToUtile  actdo.  ^j.  ^y  preparing  from  them  barium  or  lime  salts,  and 
determining  the  proportion  of  barium  or  calcium  which  they  cootaia 
The  determLuation  of  the  '  coefficient  de  partage '  of  the  distillate 
affords  moreover  an  easy  and  good  method  of  identification. 


Sect.  9.  Seats  of  Formation  of  the  Mucus,  PEreiN,  and  Hvdro- 
cHLORic  Acid  in  the  Stomach.  The  Antecedents  of  these 
Bodies. 

Secretion  of  Mucus, 

During  fasting,  the  mucous  membrane  of  the  stomach  is  alway* 
covered  by  a  thin  layer  of  mucus,  which  is  doubtless  being  continu- 
ously secreted,  though,  as  was  stated  previously,  the  quantity  formed 
in  the  normal  stale  of  the  stomach  is  less  than  would  be  surmised 
from  an  examiuation  of  the  stomach  of  dogs  with  gastric  fistulae,  in 
which  the  cannula  keeps  up  a  constant  condition  of  irritation- 
When  gastric  digestion  ia  proceeding,  the  secretion  of  mucus  occurs 
even  more  actively  than  before.  The  gastric  mucus  is  produced  by 
the  cylindrical  epithelium  cells,  which  covers  the  whole  internal  suT' 
face  of  the  stomach,  and  of  which  the  protoplasm  undergoes  a  trans- 
formation into  mucin^ 


The  Pyloric  Glands  and  the  Pyloric  Juice. 

It  has  already  been  remarked  that  the  gastric  glands  are  divisible 
into  two  classes  ;  of  which  the  one,  the  so-called  mucous  glands  of  the 
older  authors,  occur  in  some  animals  alone  at  the  pyloric  end  of  the 
stomach,  the  other  so-called  peptic  glands  being  situated  at  the  car- 
diac end  of  the  organ. 

Ah  is  implied  by  the  name  mucous  glanda,  it  was  until  lately 
held  that  the  pyloric  glands  are  mucus-secreting  glands,  and  tbat 
the  elements  of  the  gastric  juice  were  elaborated  in  the  so-called 
peptic  glands. 

Since  the  time  of  Eberle  it  has  been  known  that  any  part  of  the 
mucous  membrane  of  the  stomach  will,  if  digested  with  dilute  acids, 
furnish  an  active  digestive  fluid,  yet  it  was  soon  recognized  (Was- 
mann)  tbat  the  digestive  fluid  prepared  with  the  mucous  membrane 
of  the  cardiac  end  of  the  stomach  is  much  more  active  than  that 
prepared  with  the  pyloric  end. 

When  V.  Wittich's  method  of  extracting  pepsin  from  the  gastric 
mucous  membrane  by  means  of  glycerin  was  adopted  it  was  found 


>  Heidenhain,  HermauB'K  Handbueli^  Vol.  v.  Part  L  Cb&p.  iii.  p.  133. 
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too  that  whilst  glycerin  extracts,  whether  of  pyloric  or  cardiac  end, 
WDtained  pepsin,  in  the  latter  case  the  extract  was  very  much 
more  active  than  in  the  former,  and  much  freer  from  mucin.  The 
view  was  held  by  many  that  the  pyloric  glands  had  nothing  to  do 
with  the  secretion  of  the  essential  constituents  of  the  gastric  juice, 
and  that  the  pepsin  which  can  be  extracted  by  glycerin  or  by  dilute 
hjdpochloric  acid  was  pepsin  which  had  been  merely  absorbed  by  the 
mucous  membrane  of  the  pyloric  region,  though  elaborated  by  the 
glands  at  the  cardiac  end.  In  the  discussion  which  took  place  on 
this  interesting  question,  v.  Wittich*  took  a  leading  part  in  support 
of  the  inihihition'theortj  of  the  origin  of  the  pepsin  of  the  pyloric 
region,  whilst  Ebstcin  and  Grlitzner  undertook  to  prove  that  pepsin 
iji  not  merely  a  product  of  the  activity  of  the  peptic  glands  proper, 
but  likewise  of  the  pyloric  glands*. 


Ebculn   asd 

ttwny    of     a 

p«pilnoc«nlc 

nbittiioa. 


Pepsinogen. 

The  views  of  Ebstein  and  Grlitzner  were  largely 
founded  upon  the  observation  made  by  them  that  a 
hydrochloric  acid  extract  of  a  gjistric  mucous  mem- 
brane digested  albumen  very  much  more  actively  than 
a  glycerin   extract  of  a  gastric   mucous  membrane — 
the  two  extracts  being  diluted  with  hydrociiloric  acid  to  an  equal 
extent  before  being  tested.     The  difference  in  the  digestive  power  of 
the  two  extracts  held  both  in  the  case  of  the  fundus  and  of  the 
pyloric  region  of  the  stomach.     The  method  of  comparing  digestive 
P'Jwer  was  that  of  Griinhagen.     On  the  assumption  that  glycerin 
takes  out  all  the  pepsin  from  the  gland-cells,  it  followed  that  there 
Was  some  substance  in  the  mucous  membrane  which  in  some  way 
or  other  under  the  action  of  hydrochloric  acid  gave  rise  to  pepsin. 
This  pepsinogenic  substance,  as  they  called  it,  they  considered  might 
be  a  combination  of  pepsin  with  the  proteids  of  the  gland-cells, 
or  not  completely  formed  pepsin.     The  proof  however  is  not  a  valid 
one,  since  glycerin  does  not  extract  all  the  pepsin  from   proteids ; 
thus,  as  noticed  by  VVittich  and  by  Ebstein  and  Grlitzner  themselves, 
if  fibrin  be  placed  in  a  glycerin  extract  of  pepsin,  it  takes  up  a 
portion  of  pepsin,  and  this  catinot  be  extracted  from  it  by  glycerin ; 
and  the  same  holds  if  a  neutralized  acid  extract  be  taken  instead  of  a 
glycerin  extract.     Ebstein  and  Grlitzner  came  to  the  conclusion  that 
the  pepsinogenic  substance  was  not  extracted  by  glycerin :  that  it 
was  split  up  by  dilute  sodium  chloride  solution,  as  well  an  by  hydro- 
chloric acid^  to  give  rise  to  pepsin.     On  both  of  these  points  compare 
below. 


*  V.  Wittich,  '  TJeber  die  Pepainwirknng  der  PyloruadriiBOu.*  PflQger's  Archiv^  Vol, 
•ni.  p.  18. 

3  W.  Eb«teia  and  P.  Oriitzner,  *Ueber  den  Ort  der  PepsinbUdung  im  Magen.* 
Pfldgez's  Archiv^  Vol.  vi.  p.  1. 
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schiiT'i  pro-  Schiff  observed  that  when  a  stomach  waa  treated 

'**''**'^-  with  acidulated  water,  the  digestive  power  of  the  fluid 

mcreaeed  for  some  weeks.  This  he  considered  to  be  due  to  tie 
presence  of '  propepsin/  which  waa  only  slowly  converted  into  pt'psio- 
Apparently  however  pepsinogen  ia  C(jnverted  into  pepsin  with  great 
rapidity  by  even  very  dilute  hydrochloric  acid. 

UncieT'flez-  Although  Ebstein  and  Griitzner  had  brought  for- 

perimenu   es-    ward  evidence  which  rendered  the  existence  oipepsino- 
^^^^  ^*    (f^^  ^^^*   probable,  the   most   conclusive  proof  of  its 
'*'  reality  has  been  adduced  by  Langley.    This  observer 

shewed  that  pepsin  and  its  precursor  pepsinogen  be- 
have very  diflerently  when  digested  at  40*  with  solution  of  sodium 
carbonate,  containing  from  0"5  to  TO  per  cent,  of  Na^CO,,  the  former 
body  being  very  readily  destroyed  by  it,  the  latter  comparatively 
slowly ;  the  action  of  the  alkaline  salt  causing  first,  however,  the 
appearance  by  degrees  of  pepsin.  When  an  active  hydrochloric 
acid  extract  of  the  mucous  membrane  of  the  stomach  is  neutralised 
and  digested  with  the  above  solution  and  afterwards  re-acidified,  it 
is  found  to  have  lost  its  proteolytic  power.  On  the  other  hand,  w*ben 
a  watery  extract  of  the  mucous  membrane  is  digested  for  nn  equal 
time  with  solution  of  ^Na^CO,  of  the  same  strength,  on  subsequently 
acidifying  it  is  found  to  possess  proteolytic  powers'. 

Pepsinogen  is,  according  to  Langley,  soluble  in  water,  and  so  is 
soluble  in  glycerin,  unless  this  be  anhydrous;  it  ia,  however,  more 
soluble  in  salt  solution. 

From  his  researches  Langley  concludes,  "  That  the  gastric  glands 
contain  no  ferment  during  life,  but  much  zymogen  or  substance 
capable  of  giving  rise  to  ferment." 

"That  by  far  the  greater  part  of  the  zymogen  can  be  seen  in  the 
chief  (central)  cells  in  the  form  of  granulea'* 

"  That  during  digestion,  the  granules  are  usually  used  up  in  such 
a  manner  as  to  give  rise  to  an  outer  non-granular  and  an  inner 
granular  zone  in  the  chief  cells." 

Farther  re-  Continuing    his    researches    in    conjunction     with 

■earohu  of  Edkins',  Langley  has  been  able  to  confirm  his  original 
Lanfiey  in  as-  conclusi^ms  and  to  add  considerably  to  our  knowledge 
iSjtiDi**'^  ^  ^^  ^^^  relations  of  pepninogen  and  pepsin  and  the 
circumstances  under  which  the  latter  is  produced  from 
the  former.     The  following  were  their  chief  results : 

Pepsin  is  very  rapidly  destroyed  by  alkalies  and  by  alkaline  salts. 
The  principal  conditions  which  influence  the  rate  of  destruction  of 
pepsin  by  sodium  carbonate  are^  the  strength  of  the  solution  of  the 

^  J.  N,  L&ngle^.  *Oii  tlie  Histology  of  the  MAmmalian  Gutric  Qlonds,  uid  the 
rdatioD  of  Pepem  to  the  Granules  of  the  chief  Cells.'  Journal  of  Fhy$iologyt  Vol.  in. 
p.  259. 

^  J.  N.  Langley  and  J.  S.  Edkine,  'Pepsinogen  and  Pepsin.'  Journal  oj  Physio-' 
logy,  Vol,  VII.  p.  371. 
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ilkaJioe  salt,  the  time  during  which  it  is  allowed  to  act,  the  tempera- 
tare  of  the  mixture,  and  the  amount  of  proteids  present  The  mere 
act  of  neutralising  an  acid  pepsin  solution  may  destroy  a  considerable 
part  of  the  pepsin.  When  ei^ual  volumes  of  a  fluid  containing  pepsin 
or  I  per  cent,  solution  of  sodium  carbonate  are  well  mixed,  the 
Mreater  part  of  the  pepsin  is  destroyed  in  fifteen  seconds;  in  a 
'neutralised  acid  extract  of  the  gastric  mucous  membrane  of  a  cat 
tiie  amount  thus  destroyed  may  be  nearly  97  per  cent,  of  the  whole. 
EvflD  very  dilute  sodium  carbonate  (0005  per  cent.)  will  cause  au 
appreciable  destruction  of  pepsin  in  one  or  two  hours  at  the  body 
lemperature,  provided  protoids  arc  present  in  small  amount  only. 

rroteids  lessen  the  rate  of  destruction  of  pepsin,  probably  by 
&)mbiniiig  with  the  alkali  or  alkaline  salt. 

Pepsin  prepared  from  a  frog  is  less  rapidly  destroyed  than  pepsin 
prepared  from  a  mammal. 

The  difference  between  pepsinogen  and  pepsin  on  their  be- 
haviour to  reagents  is  one  of  degree  only,  and  not  one  of  kind. 
Pepsinogen,  like  pepsin,  is  destroyed  by  alkalies  and  alkaline  salts, 
but  the  destruction  is  much  slower.  Pepsinogen  is  very  rapidly  con- 
certed into  pepsin  by  dilute  mineral  acids ;  at  SO"*  C.  all  or  nearly  all 
the  pepsinogen  present  in  an  aqueous  extract  of  a  cat's  gastric 
mucous  membrane,  may  be  converted  into  pepsin  in  60  seconds  by 
0*1  per  cent,  of  HCI.  In  the  absence  of  acid,  pepsinogen  is  fairly 
stable;  in  neutral  and  in  alkaline  solutions  itvS  conversion  is  slow, 
Md  in  a  glycerin  extract  it  may  remain  unchanged  for  years.  Pep- 
sinogen ifi  not  affected  by  a  stream  of  oxygen  passed  through  it. 

bince  the  aqueous  extract  of  the  gastric  mucous  membrane  of  a 
hungry  animal  does  not  lose  peptic  power,  or  loses  very  little,  on  brief 
treaunent  with  sodium  carbonate,  it  follows  that  pepsinogen,  but 
little  or  no  pepsin,  is  present  in  the  gastric  glands  during  abstinence. 

Id  consequence  of  the  rapidity  of  conversion  of  pepsinogen  into 
pepsin,  it  is  aitticult  to  be  certain  whether  pepsin  is  or  is  not  present 
UQ  the  gastric  glands  during  digestion  and  after  the  injection  of 
peptone  into  the  blood.  In  both  cases,  acid  gastric  juice  is  present 
u»  the  stomach  and  it  is  probable,  since  the  glands  are  secreting  at 
the  moment  of  death,  that  a  Ititle  acid  remains  in  the  lumina  of  the 
gUnds  and.  before  it  can  be  neutralised,  soaks  into  the  gland-cella 
lUkd  changes  some  pepsinogen  to  pepsin.  In  fact,  pepsin  is  sometimes 
present  in  an  extract  prepared  from  the  gastric  glands  of  a  digesting 
^mal,  but  it  is  not  always  so. 

Carbonic  acid  when  passed  through  an  aqueous  extract  of  a  frog's 
<*«opbageal  glands  for  about  an  hour  destroys  nearly  the  whole  of 
the  pepsinogen.  Certain  salts  increase  the  rate  of  destruction,  whilst 
peptone  greatly  delays  the  action,  and  albumin  and  globulin  likewise 
^^,  though  to  a  much  less  extent.  Carbonic  aciu  destroys  pepsin 
*i«o,  but  less  readily  than  pepsinogen. 

Both  pepsinogen  and  pepsin  are  rapidly  destroyed  when  heated 
to  55*  C— 57' C. 


E 

^  Prompted   by  the  very  wonderful   experimental    procedure  by 

^H  which  Thiry  had  thrown  light  upon  the  intestinal  secretion,  Klemen* 
^H  siewicz  conceived  the  idea  of  exposing  the  stomach  of  a  living  animal 
^H  and  making  two  parallel  incisions  right  through  the  pyloric  part  of 
^H  the  organ  so  as  to  obtain  a  cylinder  lined  internally  by  pyloric 
^H  mucous  membrane  and  retaining  its  essential  vascular  and  nervous 
^f  connexions.  The  cylinder  had  one  of  its  ends  closed  up  by  sutures 
and  thus  a  tube  was  made  which  was  twisted  round ;  the  edges  of 
the  open  mouth  of  the  tube  were  then  stitched  to  the  edges  of  the 
incision  %vhich  hatl  been  made  in  the  abdominal  wall  Thus  was 
obtained  a  tube  whose  walls  were  constituted  by  pyloric  mucon* 
membrane  and  which  opened  on  the  external  surface  of  the  body.  The 
two  portions  of  the  stomach  from  which  tlie  above-mentioned  inter- 
mediate portion  had  been  removed  were  now  brought  into  contact  and 
united  by  sutures,  so  as  to  re-establish  the  continuity  of  the  organ'. 
All  the  dogs  experimented  upon  by  Klemensiewicz  ultimately  sue* 
cumbed  to  the  formidable  operation  just  described,  yet  the  experi- 
menter was  able  to  ascertain  that  the  pyloric  tube,  which  he  had 
established,  secreted  an  alkaline*  viscous^  liquid  (succus  pyloricoj) 
which  by  itself  did  not  digest  proteids,  but  which  did  so  after  acidula- 
tion  with  hydrochloric  acid. 

Interesting,  and  especially  suggestive,  as  were  the  experiments  of 
Klemensiewicz,  they  could  not  be  held  absolutely  to  disprove  the 
imhihition-theory  of  the  pyloric  pepsin,  for,  as  the  animals  survived 
but  for  a  short  time,  the  pyloric  juice  might  be  supposed  to  contun 
some  pepsin  which  had  been  elaborated,  before  the  operation,  in 
the  peptic  glands  of  the  fundus,  and  subsequently  imbibed  by  the 
pylorus, 

Heidenhain*»  however,  repeated  Klemensiew^icz's  procedure.  The 
adoption  of  Lister's  antiseptic  method  of  wound  treatment  enabled 
this  skilled  experimenter  to  succeed,  in  three  operations  out  of  six,  in 
establishing  a  permanent  independent  pyloric  tube  which  enabled  the 
secretion  to  be  observed,  in  one  case,  for  a  period  of  five  months. 

From  these  observations  it  results  that  after  food  has  entered  the 
stomach,  there  is  slowly  set  up  a  secretion  of  pyloric  juice,  which  is 
at  its  height  about  the  fifth  hour.  The  secretion,  which  is  scanty^ 
always  has  an  alkaline  reaction,  is  viscid  and  is  rich  in  pepsin  and  in 
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Secretion. 
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^  Klemensiewicz  (Gras).  'Ueberden  Sucoaa  Pyloricns/    SiUungtber^  d.  k,  Aa 
WUi.  WicD.  Vol.  Lxxi.  1875.     March  18. 

'  Heidenhain,  *Uebcr  die  PepsinbtldanR  in  den  Pylorusdnlsen.'  PflilRer's  Arehitf, 
Vol.  xnii.  (1873),  p.  109.  A  deitcription  of  the  method  of  carrying  out  the  oiieration 
illustrated  with  a  diagram  RbewinK  the  direction  of  the  varioua  incLsionit  of  the  stomach 
IB  givuD  by  Heidenhain  in  Win  article  entitled  'Phyt^iologie  der  AbftoDderungavorgaoge. 
2  Abschn :  Der  Magen,'  in  Hermann's  Ilatidbuch^  Vol.  v.  1*1.  i.  p.  110. 
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rennet-fennent.     When  acidulated  with  HCl  it  digests  fibrin  abun- 
iantlj.     It  contains  no  diastatic  ferment. 

These  experiments  have  conolusively  proved  that  the  glands  of 
the  pyloric  region  of  the  stomach  take  some  part  in  the  formation  of 
pepsin,  though  of  the  total  amount  secreted  by  fundus  and  pylorus, 
the  latter  is  unimportant  compared  with  the  former. 


^ra 


Glands  of  the  FtrNDUs.    The  Cells  which  produce  Pepsin 

AND  THE  CeLUS  WHICH  PRODUC  E  ACID. 


By  a  procedure  similar  to  that  which  he  employed  in  establishing 
in  a  living  animal  a  tube  composed  of  the  pyloric  portion  of  the 
stomach,  Heideuhain  succeeded  in  separating  from  its  continuity  with 
the  rest  of  the  stomach  a  part  of  the  fundus  and  stitching  it  into  the 
fonn  of  a  tube,  of  which  he  connected  the  opening  with  the  external 
abdominal  wall.  In  one  case  an  animal  which  had  been  subjected 
to  this  operation  lived  for  3*)  days  and  allowed  Heidenhaia  to  collect 
the  pure  secretion  of  the  fundus. 

A  few  minutes  after  introduction  of  food  into  the  stomach, 
axretion  commenced  in  the  sac  and  continued  throughout  the  whole 
period  of  digestion.  The  fluid  secreted  was  watery,  of  acid  reaction, 
and  contained  pepsin ;  it  had,  in  short,  all  the  characters  of  gastric 
juice. 


"ra.  9.      Crant   KxntBiTmo   thk    akocwt   of   Pkmw   w   a  oitkn   AMotmr  or  thb 

ffBCBZnON   OP  THE    PlTNDCS,    DUBIMO    BUCCE98IVE    H0UB8    Or  THE    DIGKltTtTK    PttOCESS 
(BfilDEKHAUr). 

Whilst  the  pyloric  glands  thus  secrete  an  alkaline  liquid  con- 
aining  pepsin,  the  glands  of  the  fundus  secrete  both  pepsin  and  acid. 
?he  question  then  suggests  itself,  Where  is  the  seat  of  the  formation  of 

(in,  and  where  that  of  the  formation  of  acid  ?    It  has  already  been 
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said  that  a  considerable  histological  resemblance  exists  between  the 
pyloric  epithelial  cells  and  the  central  cells  of  the  fundus,  the  one 
form  passing  by  transitions  into  the  other;  and  a  large  number  of 
facts  indicate  that  the  resemblance  in  structure  is  accompanied  by  an 
essential  identity  in  the  processes  which  have  their  seat  in  them. 


Histological  Characters  of  the  Gastric  Glands  during 
Fasting  and  Digestion,  and  Relation  of  these  to  tee 
Amount  of  Pepsin  present. 

Our  knowledge  of  the  changes  which  the  secretory  epitheUum 
cells  of  the  gastric  glands  undergo  during  digestion,  or  rather  the 
appearances  which  they  present  during  alMtinence  from  food  and  al 
various  stages  of  the  digestive  process,  is  derived  from  the  researchea 
of  Grtltzner  and  Heidenbain  who  have  studied  the  glands  after  they 
have  been  hardened  in  alcohol^  and  from  those  of  Laugiey  and  SewtU 
who  have  traced  the  changes  in  the  living  glands. 

Taking  the  case  of  the  glands  hardened  iu  alcohol  first*  it  ll 
found  that  the  central  cells  of  the  cardiac  glands  and  the  deeper 
cells  of  the  pyloric  glands,  after  long  abstinence  from  food  are  some- 
what swollen,  pale,  finely  granular,  and  da  not  stain  readily.  During 
the  early  stages  of  digestion  the  cells  appear  somewhat  larger,  xnoiB 
granular  and  more  easily  Htattied  ;  whilst  at  the  close  of  the  digestive 
process  the  cells  are  much  diminished  in  size,  as  it  were  shrunken, 
and  are  stained  much  more  deeply  than  during  the  early  stages. 

From  Langley  and  Sewall's  observations  of  the  fresh  and  living 
glands,  unacted  upon  by  reagents,  we  know  that  after  long  abstinence 
the  cells  are  studded  with  granules,  which  diminish  during  the  act 
of  secretion,  and  collect  near  the  lumen,  the  outer  zone  of  the  cell 
ajipearing  clear.  The  granules  are  most  abundant  in  those  regions 
of  the  Btomach  in  which  the  amount  nf  pepsin  is  found  to  be  largest. 
From  these  facts  it  is  concluded  that  "  the  conspicuous  granules  in 
the  chief  cells  are  directly  connected  with  the  formation  of  ferment\'' 
According  to  this  view,  which  has  also  been  adopted  by  Isussbaum, 
the  changes  in  the  gastric  glands  closely  resemble  the  changes  which 
occur  in  the  pancreas. 

.  Griitzner.  and  after  him  Langley  and  Sewall,  hare 

curves  repre-  eiideavoured  to  ascertain  the  relative  amounts  of  pepsin 
■enting  the  present  in  the  stomach  at  varying  times,  and  the  former 
fluctuations  la  observer  has  expressed  hia  results  in  the  form  of  the 
tho  amount  of  cuTves  which  are  appended  (p.  108),and  which  exhibit  the 
mucoui  mem-  variations  iu  the  amount  of  pepsin  present  in  the  mu- 
brane  of  the  cous  membrane  of  the  fundus  and  of  the  pylorus  during 
rtuuiuB  and  abstinence  and  in  successive  hours  following  digestion, 
pyiorua.  'fj^e  equal    numbered    intervals   in   the   abscissa-line 

1  J.  N.  Langley  and  H.  Sewall,  '  Od  tlic  Changos  in  Fepein- forming  Glands  during 
Secretion.'    Jountal  of  Phyiiialnffij^  Vol.  ii.  pp.  81  et  aeq. 
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!nt  hours ;  the  relative  amoants  of  pepsin  are  represented  by  the 
ordinat^s.  These  curves  exhibit  in  a  startling  manner  the  remarkable 
vant  of  coincidence  in  the  richness  in  pepsin  of  the  mucous  mem- 
brane of  the  fundus  and  pylorus.  In  the  experiments  which  fur- 
niahwl  the  data  for  these  curves,  the  mucous  membrane  of  the  pylorus, 
and  of  the  fundus,  respectively,  were  extracted  first  with  glycerin 
aod  afterwards  with  hydrochloric  acid.  The  curves  indicate  that  the 
relationship  between  the  amount  of  pepsin  in  the  pyloric  mucous 
membrane  and  that  of  the  fundus  is  a  very  varying  one. 


The  Seat  of  the  Formation  op  the  Acid  of  the 
Gastric  Juice. 


i 


Those  facts  have  already  been  adduced  which  are  considered  to 
prove  that  the  pepsin  of  the  gastric  juice  is  formed  in  or  by  the  central 
cells  of  the  glands  of  the  fundus  of  the  stom^ich  and  by  the  pyloric 
glands,  and  that  the  border  cells  of  the  fonuer  glands  form  the 
•cid.  Some  of  the  most  important  evidence  which  appears  to  shew 
that  these  border  cells  are  the  active  acid-forming  structures  has 
already  been  referred  to,  particularly  that  from  that  part  of  the  stomach 
of  which  the  glands  are  free  from  border  cells  (pyloric  region)  can  be 
obtained  a  juice  rich  in  mucus  and  containing  pepsin,  but  alkaline. 

Evidence  in  the  same  direction  is  afforded  by  a  study  of  the 
ciisopbagus  and  stomach  of  the  frog.  In  this  animal  the  principal 
seat  of  the  production  of  pepsin  is  in  the  oesophagus,  where  glands 
we  found  of  which  the  secreting  cells  are  somewhat  like  the  chief 
cells  of  the  gastric  glands;  but  the  total  amount  of  pepsia  in  the 
stomach  is  not  much  less  than  in  the  cesophagus.  These  glands  secrete 
w  alkaline  iluid.  On  the  other  haiul,  the  glauds  of  the  stomach 
coiiaist — apart  from  mucous  cells — of  cells  somewhat  like  border  cells, 
and  here  an  acid  juice  is  formed  \ 

The  view  was  formerly  held  that  the  border  cells  were  not  acid-producing 
bat  pepsin- forming  cells,  and  it  formerly  received  the  support  of  NussIjAum' 
and  of  Edinger^,  but  on  grounds  which  warranted  no  such  conclusion. 
Kosshaum  in  1881   however  adopted  the  opinion  that  the  chief  cells  are 

principal  sources  of  pepsin.     The  drst  of  these  writers  observed  that 


'  H.  T,  Bwiecicki,  '  UntenQchnngen  iiber  die  BildanR  and  Auftscbeidant;  dec  Pepsint, 
bei  den  Bfttradhiern/    Pflilger'H  Archiv,  Vol.  xin.  (1670),  p.  Hi.    Laugley  and  Sewall*- 
*0n  the  Chiuigesia  Pepem^formiug  Glands  during  Secretion.'     Jmtrnal  of  Phytxology, 
Vol.  u.  (lH7i»— 80).  p.  281.     Lon^ley,  Phil.  Tram.  1881. 

*  NoBsbaoffl,   'Die  Fermentbildung  iu  den   Drtlaeu.'     Habilitatiorisbchrift.  Bonu, 
1676  (not  wen). 

*  Edinger,  'Zar  Kenntnias  der  Drosenzellen  des  ^fllffl^nfl  besouders  beim  MeuBobea. 
Archiv  f.  mikroicop.  J  not.,  Vol.  zm.  p.  194 — 212. 
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th«  border  cells  of  the  stomach  were  coloured  of  a  dark  colour  by  perosiuic 
acid,  whilst  the  chief  cells  were  not,  and  explained  the  reaction  by  sup- 
posing that  the  coloured  particles  consist  of  ferment,  because  solutions  of 
enzymes  are  similarly  darkened.  The  views  of  Nussbanm  on  this  matter 
y  be  set  down  as  undeserving  of  serious  discussion. 


^W 


Although  we  may  thea  hold  it  as  proved  that  the  formation  of 
acid  in  the  gastric  juice  is  associated  with  the  border  cells,  direct 
observations  would  appear  to  shew  that  in  the  deeper  pan  of  the 
j^tric  glands  the  reaction  is  never  acid^  and  that  it  is  bo  only  on  the 
surface  of  the  stomach  and  near  the  mouths  of  the  glands. 

Claude  B«r-  If  a  solution  of  lactate  of  iron  and  ferrocyanide  of 

^vd'i  erperi-  potassium  be  mixed,  no  blue  colour  is  produced  except 
Tvuttonofthe  '^'^^^^  *  ^^^^  ^^  ^  added.  As  these  salts  do  not 
zBQcoos  mem-  exert  any  poisonous  action,  it  occurred  to  Claude 
iwiae  of  tbe  Bernard*  to  inject  their  solutions  into  the  blood  and 
•*"■***•  to  notice   what    structures   in   the    stomach,  if   any, 

would  assume  a  blue  colour.  It  was  found  that  the  surface  of  the 
stomach  was  stained  of  a  Prussian-blue  colour,  but  that  the  deeper 
portions  of  the  mucous  membrane  were  unstained. 

Similarly  it  has  been  found  that  whilst  the  surface  of  the 
mucous  membrane  has  an  acid  reaction,  on  making  sections  parallel 
to  the  surface,  so  as  to  cut  the  glands  at  some  distance  from  their 
mouths,  the  exposed  surface  is  not  acid.  This  experiment  is  unworthy 
of  serious  discussion^  seeing  that  lyuipL,  blood,  and  the  cells  them- 
ilves  would  all  tend  to  neutralise  the  extremely  small  amount  of 
"^Bcid  present  in  the  glandular  lumina. 

Observations  have  likewise  been  made  with  a  view  to  determine 
whether  the  border  cells  have  an  acid  reaction,  but  with  entirely 
negative  results'. 

Are  we  from  these  observations  to  conclude  that  whilst  the 
border  cells  of  the  glands  of  the  fundus  are  essential  to  the  production 
of  the  free  acid  of  the  gastric  juice,  they  are  not  the  actual  seats  of 
its  formation^  and  that  it  is  only  on  the  free  surface  of  the  mucous 
membrane  of  the  stomach  that  acid  is  liberated  ?  Even  Claude 
Bernard  hesitated  to  draw  this  inference  from  his  experiment.  It  is 
iiot  only  conceivable,  but  probable,  that,  so  soon  as  formed,  the  acid 
secretion  of  the  gastric  glands  is  poured  into  the  stomach,  so 
that  no  appreciable  quantity  of  acid  is  retained  in  the  gland,  able 
to  give  an  obvious  colour  reaction  in  the  deeper  part  of  the  mucous 
menibrana  This  explanation  does  not  account  for  the  undoubted 
failure  to  prove  that  the  border  cells  have  an  acid  reaction  ;  but  the 

r  '  Clando  Bernard,  he^om  sur  le$  propriit^s  phtjtiolot^que*  et  Us  att4rati<»u  patholo- 
figue«  deM  liqtiiiifa  de  VorganUme.     I'arifl,  1859,  VdI.  ii.  p.  375. 

■  Lupine,  'BealiGTches  expC'rimen talcs  aor  la  qnefitioa  de  savoir  si  certainea  eellales 
dea  gl&nde«  (<lites  A  pcpaine)  de  Testomac  pr^acuteut  une  r^acfcioD  aoide.'  GautU 
midte,  de  Paru^  1873,  p.  689.  Heidcnhain,  Bee  'Dio  Bilduug  der  Siiurc  des  MagoD- 
Miles.*    Hermana'i}  Ua•ndb^lch^  Vol.  v.  Part  i.  p.  150  (small  type). 
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absence  of  an  acid  reaction  does  not  militate  against  the  theory  that 
they  are  in  reality  the  acid-fonning  cells  of  tlie  stomach.  Ab  hu 
been  justly  remarked',  a  secreting  cell  does  not  necessarily  contain 
the  products  which  are  characteristic  of  its  activity,  and  which  it 
contributes  to  the  secretion,  and  which  appear  in  some  cases  to  he 
at  once  removed  from  their  place  of  origin :  thus  the  hepatic  cells 
contain  no  bile -colouring  matter,  and  no  bile  acids ;  thouga  unques- 
tionably these  bodies  are  formed  first  in  those  secreting  cells. 

To  summarize.  All  the  evidence  which  we  possess  points  to  the 
border  cells  which  are  found  in  certain  of  the  gastric  glands,  as  the 
seats  of  the  formation  of  the  free  acid  of  the  gastric  juice;  and  the 
value  of  this  evidence  is  not  diminished  by  the  fact  that  the  cells 
which  are  supposed  to  possess  this  power  possess  no  acid  reaction, 
inasmuch  ua  other  undoubted  cases  are  known  in  which  the  pro- 
ducts of  secretion  cannot  be  discovered  in  the  gland  cells  which  form 
them. 


Theories  as  to  the   Mode  of  Production  of  the  Acid 

THE  Gastric  Juice. 

Various  attempts  have  been  made  to  explain  the  nature  of  the 
chemical  operations  which  may  lead  to  the  separation  of  hydrochloric 
acid  by  the  gastric  glands. 

That  the  acid  is  derived  from  the  decomposition  of  chlorides  may 
be  assumed,  and  the  fissumptiou  ia  confirmed  by  the  observation  of 
Grutzner,  that  coincidently  with  the  greatest  richness  in  pepsin  of  the 
gastric  mucous  membrane  it  is  likewise  richest  in  chlorides'. 

It  was  further  observed  in  the  first  instance  by  Bence  Jonee, 
and  afterwards  confirmed  by  Roberts  and  by  Maly,  that  during  active 
digestion  when  the  gastric  juice  is  being  abundantly  poured  out 
there  is  a  diminution  in  the  acidity  of  the  urine,  which  may  become 
neutral  or  alkaline. 


Brttoke's  Briicke'  surmised  that  under  the  iufluence  of  their 

hypoibeaia.  secretory  nerves  the  gastric  glands  possessed  the 
power  of  decomposing  chlorides  electrolvtically  (?),  and  of  directing  the 
hydrochloric  acid  to  the  stomach,  whilst  the  bases,  accumulating 


i 


the  blood,  were  excreted  by  other  channels. 


RAife'B    ex-  Dr  Ralfe*  gave  some  support  to  the  electrolytic 

p«riinexiu.  hypothesis   by  shewing  that  when  a  weak  current  o^ 

^  Heidenhain,  Op.  ciX,  p.  150. 

^  Urutzner,  Srue  UnteniichungeH  fiber  dU  Bildung  tind  Auiteheidttnff  di$  P^pfiR, 
BrceUa,  1872.  p.  52, 

'  Briicke.  Sitznriijtber.  d,  JVUner  Akad,,  Vol.  XXXTXI.  ^1859),  p.  181,  alao  VorUsuHfien 
iiber  PhytioioftU,  Wien,  1875,  p.  2&9. 

*  Kalfe.  Lamet,  1874,  2,  29. 
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electricity  is  passed  through  a  U-tube,  in  one  limb  of  which  is  a 
solution  of  souium  bicarbonate,  and  in  the  other  a  solution  of  sodium 
chloride,  a  membranous  diaphragm  separating  the  two  soKitions, 
the  liquid  at  the  positive  pole  acquires  an  acid  reaction,  owing  to  the 
presence  of  free  hydrochloric  acid,  whilst  that  at  the  negative  be- 
comes more  alkaline.  The  reaction  which  takes  place  occurs  accorti- 
ing  to  the  following  equation. 

Na  HCO,  +  NaCl  =  Na,CO,  +  HCL 

To  both  Briicke's  and  Ralfe's  views  it  must  be  objected  that 
tbey  are  purely  speculative,  and  that  tliey  posttilate  tlie  agency  of 
forces,  to  bring  about  the  decomposition,  which  cannot  be  proved  to 
be  in  operation. 

lair*!   tm  Maly  ascertained  that  when  an  alkaline  chloride  is 

taiaUfaUoM.  mixed  with  lactic  acid  and  the  mixture  is  subjected  to 
dialysus,  free  hydrochloric  acid  diffuses,  the  four  bodies  indicated  in 
the  subjoined  e<|uation  resulting  from  the  interaction  of  sodium 
chloride  and  lactic  acid. 

2NaCl  +  2C„H,0,  =  XaCl4-NaC,H30,  +  C3H,0,  +    HCl 


Sodium 
chloride 


Lactie 
acid 


Sodium 
chloride 


Sodium 

Uctaic 


Lactic 
acid 


Hydrochloric 

acid 


^B  Aaeuming  that  lactic  acid  were  first  of  all  produced  in  the 
I  gastric  mucous  membrane,  the  subsequent  liberation  of  hydrochloric 
acid  would  thus  be  easily  explained.  Maly  found,  however,  no  evi- 
dence of  such  a  formation  of  lactic  acid,  and  therefore  concluded  that 
the  free  hydrochloric  acid  of  the  gastric  juice  was  due  to  a  dia- 
Mciation  of  the  chlorides,  without  the  interaction  of  any  acid*. 

Mtiy'iMcond  The  blood,  Maly  remarked,  is  a  liquid  possessed  of 

T"*****^"  an  alkaline  reaction,  which,  however  it  derives  from 
otttUwarr  ^^^  presence  of  two  acid  salts,  sodium  bicarbonate 
(NaHCO,)  and  disodic  phosphate  (Na,HPO^).  But 
the  blood  contains  an  excess  of  carbonic  acid.  When  this  body 
Mt8  opon  alkaline  disodium  hydrogen  phosphate  Na  HPO,,  it  gives 
rise  to   NaH,PO^   and   NaHCO^,  as  shewn  in  the  following  equa- 

Na,HPO,  +  CO,  +  H,0  =  NaHCO,  +  NaH,PO,. 

Add  sodium  phosphate  is  a  body  possessed  of  a  decidedly  acid 
waclion,  which  however  is  concealed  when  its  solution  is  mixed 
ttilb  an  excess  of  the  alkaline  phosphate.     Now  when  acid  sodium 


'  \Ea1j,  'Untersnchungeu  €h«r  die  Quelle  der  MogcnBaftsfitire.'    JnnaUn  d.  Chemie 
■kfAAim.,  VoL  OLXKUi.  (1874),  p.  227. 
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phosphate   coexists  in   solution   with   sodium  chloride,  free  hydru- 
chloric  acid  is  set  &ee,  as  shewn  in  the  following  equation : — 

NaH^PO,  +  NaCl  =  Na.HPO,  +  HCL 

As  a  fact,  all  four  bodlea  will  esist  side  by  side  during  the  reacdon. 

But  not  only  is  HCl  formed  by  the  interaction  of  dihydrogen 
sodium  phosphate  on  chlorides,  but  likewise  by  the  action  of  calcium 
chloride  on  hydrogen  disodium  phosphate,  as  shewn  in  the  following 
equation  : 

3CaCl,  +  2Na,HP0,  =  Ca3(P0.X  +  4NaCl  +  2HCL 

Maly  thus  believes  that  by  the  interaction  of  carbonic  addi 
disodic  phosphate,  monosodic  phosphate,  and  sodic  and  lactic  chlo- 
rides, hydrochloric  acid  is  set  free  in  the  blood.  But  this  acid 
possesses  a  iiigher  dirtnsive  power  than  any  other  acid,  and  we 
nave  only  to  surmise  that  the  glands  of  the  stomach  are  diflfiision 
apparatuses  of  remarkable  power  in  order  to  account  for  the  separa- 
tion of  hydrochloric  acid  by  them. 

Objections  to  It  is  impossible  not  to  appreciate  the  great  value 

ifai]r*i  theory,  ^f  j.^^  facts  Upon  which  MaJy  rests  his  theory,  and 
not  to  acknowledge  that  he  has  thrown  great  light  upon  the 
part  which  diifusion  may  play  in  separating,  from  the  alkaline 
blood,  acids  or  acid  salts  which  are  present  in  it,  although  their 
reaction  may  bu  concealed  by  that  of  such  salts  as  alkaline  sodium 
phosphate.  If,  however,  the  reaction  which  results  in  the  production 
of  hydrochloric  acid  is  one  which  goes  on  throughout  the  whole  mass 
of  the  blood,  and  its  separation  occurs  through  a  mere  process  of 
diffusion,  we  cannot  but  ask  ourselves  how  it  is  that  the  acid  only 
diftuses  into  the  gastric  juice,  and  not  into  the  secretions  of  other 
glands  which,  as  apparatuses  of  ditfusion,  offer  obviously  as  favourable 
conditions  as  the  stomach. 

Why  for  instance  does  hydrochloric  acid  not  pass  into  the  urine? 
and  unquestionably  no  trace  whatever  of  any  free  mineral  acid 
occurs  in  that  secretion.  Maly  would  meet  the  difficulty  by  at- 
tributing particuiar  powers  to  the  different  glands  as  dialyzing  appara- 
tuses, but  then  we  lose  all  the  value  of  the  physical  explanations 
which  appeared  at  first  to  be  so  likely  to  explain  the  phenomena. 

Against  the  views  of  Maly  there  appear  to  be  two  capital  objec- 
tions. The  first  has  reference  to  the  chemical  process  which  be 
supposes  to  occur  in  the  blood,  and  tx)  result  in  the  liberation  of 
free  hydrochloric  acid,  and  the  second  to  the  view  that  the  glands  of 
the  stomach  are  from  one  point  of  view  but  apparatuses  of  diffusion 
which  allow  the  hydrochloric  acid  of  the  blood  to  escape  from  it  into 
the  gastric  juice. 

Firstly — ^We  can  readily  admit  that  there  may  coexist  in  the 
blood,  acid  and  alkaline  sodium  phosphates  and  common  salt,  aad 
that  by  the  reaction  of  the  latter  on  the  former  traces  of  hydrochloric 
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I  Acid  may  be  forraeil;  but  it  ia  impossible  to  admit  that  the  latter 

I  acid  would  contiaue  to  exist  side  by  side  of  sodium  bicarbonate,  with 

I  regani  to  the  existence  of  which  in  the  blood  there  cannot  be  a 

I    donbt 

Secomlly — If  the  stomach  acted  as  an  apparatus  of  liiffusion,  ficpa- 
latiDg.  for  instance,  hydrochloric  acid  already  formed  in  the  blood,  we 
should  expect  its  secretion  to  be  like  that  of  the  kidney  (which  is 
ceitaiidy  the  organ  in  which  physical  processes  have  most  uncon- 
trolled sway),  a  constant  one,  and  to  be  influenced  in  a  special 
msDner  by  the  condition  of  the  blood  and  the  general  condition  of 
the  vascular  system.  The  stomach,  however,  is  a  gland  in  which 
9e<TetioD  only  occurs  as  a  result  of  the  application  of  peculiar  stimuli 

whose  action  unquestionably  leads  to  the  most  remarkable  changes 

in  the  secreting  cells  of  the  organ. 

For  these  reasons  we  are  forced  to  modify  Maly's  hypothesis  so  a* 

to  make  it  reconcileable  with  known  facte. 

The  Author's  We  may  conceive  the  acid-forming  cells  (border- 
0'  cells)  of  the  stomach  to  have,  as  cells  of  other  secreting 
^*^^^^  glands,  peculiar  selective  powers  in  reference  to  certain 
saline  constituents  of  the  blood ;  we  n>ay  conceive,  for 
instance,  of  their  possessing  a  peculiar  selective  affinity  for  the  phos- 
pliates  of  sodium,  both  alkaline  and  acid,  and  for  chlorides.  This 
•ocbg  granted,  we  have  also  to  surmise  that  within  the  cell  there 
occur  the  reactions  which  certainly  do  occur  in  tntro  when  the  above 
salts  coexist  in  solution;  one  of  tlie  products  of  the  reiiction  will  then 
l>«  hydrochloric  acid,  w^hich,  in  virtue  of  its  high  power  of  diffusion, 
Avillpass,  as  soon  as  formed,  into  the  secretion  of  the  gland. 

In  this  hypothesis  we  remove  the  scat  of  the  formation  of  hy- 
drochloric acid  from  the  blood  generally  to  the  gastric  glands,  and, 
vvbilst  we  adopt  Maly's  conception  as  to  how  physical  and  chemical 
prucesses  may  lead  to  the  formation  of  the  acid  of  the  gastric  juice, 
■Wti  subt»niinate  them  to  the  activity  of  the  glnndular  epithelium, 
^bich  Tnust  first  bring  together  the  bodies  which  have  to  react  one 
upon  the  other. 

Apart  from  the  probability  which  attaches  to  the  above  hypo- 
thesis on  theoretical  gi*ounds,  it  is  to  be  noted  that  the  only  reliable 
analyses  of  the  mineral  constituents  of  the  gastric  juice,  viz.  those  of 
tarl  Schmidt,  have  proved  that  the  gastric  juice  contains,  in  the 
luain,  in  addition  to  its  organic  matters  and  its  hydrochloric  acid  no 
iiictjiigiderable  quantity  of  mineral  salts,  which  consist  firstly  of 
chlorides  of  sodium,  potassium  and  calcium,  and  secondly  of  calcium 
^  magnesium  phosphate.  These  are  salts  wliich  we  should  expect 
to  lie  present  if  the  reaction  whereby  hydrochloric  acid  is  generated 
*«re  Mich  as  the  following : — 

2Na^P0,  -h  3CaCl,  =  Ca.  (POJ,  +  4NaCl  -H  2HC1. 

The  following  are  the  results  of  Carl  Schmidt's  analyses  of  gastric 
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juice,  which  are  quoted  in  this  place  because  of  the  beariug  of  the 
results  of  the  analyses  of  the  salts  fouud,  upon  the  views  of  tEe  di< 
of  production  of  the  acid  of  gastric  juice: 


Haman. 

Dog. 
1                2 

Sbee^  ' 

Water 

994-40 

973-06 

97M7 

m-MM 

Oi-ganic  Mattel's,  specially 

1 

Pepsin,  Ac, 

319 

1713 

17-34 

4-06 

HCl 

0-20  (?) 

3-34 

2-34 

1-23| 

OaCl. 

0-06 

0-26 

1-66 

on 

NaCl 

1-46 

2-50 

315 

4-37 

KCl 

0-55 

M2 

I  07 

i-sa 

NH^Ol 

— 

0-47 

0-54 

0-47 

Precipitate  &^/p.5^? 

I     0125 

1-73 
0-*i3 

2-29 
0-32 

1-ia 

0*57  [ 

1 

0*08 

0-12 

o.«. 

Vanations  in  the  Proportioti  of  Pepsin  and  Acid  in  the 
Gastric  Juice» 

The  proportion  of  pt'pHiu  in  the  gastric  juice  under- 
goes   considerable    variation    during   the   progress  of 
digestion,  undergoing  first  of  all  a  diminution  and  then  an  increase. 
This  variation  is  observed  also  in  the  case  of  the  secretion  of  the 
isolated  fundus,  as  has  been  shewn  by  Heidcnhaiu,  see  Fig.  8,  p.  105. 

^^^  At  the  commenceraeut  of  digestion  the  acidity  of 

the  gastric  juice  is  less  than  subsequently,  but  this  is 
not  the  case  when  the  secretion  of  the  isolated  fundus  is  examiDed. 
The  comparatively  low  acidity  in  the  early  periods  is  probably  due 
to  the  acid  reaction  being  neutralised  by  the  alkaline  saliva  aud  by 
the  alkaline  secretion  of  the  pyloric  glands  (Heidenhain).  We  sbfljl 
return  to  this  subject  again. 


Sect,  10.    The  Action  of  the  Gastric  Juice,  and  its 
coxstitvexts,  on  the  puoteidk. 

The  Researches  and  Views  of  Meissner. 

The  first  of  the  systematic  investigations  on  the  products  result- 
ing from  the  digestion  of  proteids  by  pepsin  and  hydnjchloric  acid. 
was  carried  out  by  Meissner  and  his  pupilH  between  the  years  1859 
and  18t>2,  and  as  subsequent  writers  have  all  more  or  less  referred  ^^ 
or  employed  certain  of,  the  terms  which  he  applied  to  the  product* 
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tich  he  obtaiDed*  a  brief  i^mni  of  his  chief  concltisions  appears 
■  ible\ 

PtTueDtoiu  '^^^  tQTm  was  applied  by  Meissner  to  the  neutral- 

isation precipitate  obtained  when  the  product  of  diges- 
tion of  a  proteid  by  natural  or  artificial  gastric  juice  ia  so  nearly 
utralised  that  only  a  faint  acid  reaction  persists.  Under  these 
iimstances  there  falls  a  white  flocculent  precipitate,  composed  of 
body  to  which  Meissner  ascribed  the  name  of  parapeptone.  He 
described  it  as  a  body  insoluble  iu  pure  water,  but  easily  soluble  in 
the  weakest  solutions  of  acids  and  alkalies,  and  precipitated  from  its 
solations  by  the  addition  of  sodium  or  potassium  chloride.  Para- 
peptone has  been  usually  but  incorrectly  spoken  of  as  identical  with 
Afld  albumin  or  syntonin.  It  is  identical  with  the  body  to  which 
Kiihne  has  assigned  the  name  of  autialbumat  (see  p.  121).  Iu  what 
respect,  it  will  be  asked,  does  parapeptone  or  antialbumat  differ 
from  syntonin  or  acid  albumin?  Apparently  in  the  fact  that  whilst 
the  latter  body  can  readily  be  digested  by  pepsin  and  an  acid,  para- 
peptone is  unacted  upon  by  them.  This  remarkable  property  of 
undigestibility  was  pointed  out  by  Meissner  himself  as  distinguishing 
parapeptone  from  acid  albumin.  A  further  distinguishing  property 
vaspouited  out  by  Meissner,  to  wit, — that  when  a  solution  of  syntonin 
is  nearly  neutralised  and  pure  alcohol  is  added,  thin  throws  down  a 
precipitate.  Under  exactly  similar  circumstances  a  solution  contain- 
ing parapeptone  is  not  precipitated.  If  the  alcohol,  however,  con- 
fin  ether,  parapeptone  is  thrown  down. 


Kttapflptone. 


On  adding  a  little  more  acid  to  the  liquid  from 
which  *  parapeptone  *  has  been  precipitated,  Meissner 
obtained  occasionally  a  further,  though  scantier,  precipitate,  separable 
by  filtration,  and  insoluble  in  very  dilute  acids  (01  per  cent.)  though 
Mjluble  in  stronger  acids.  This  body  Meissner  termed  '  metapeptone,' 
auil  looked  upon  also  as  an  emi-product. 

'•ptoM"  In  the  filtrate  from  which  parapeptone  and  meta- 

*''*■"*>■       peptone   had  been  separated,   Meissner  distingui.shcd 

tiirte  separate  soluble  bodies,  which  he  classed  together  in  the  group 

I     *'f  peptones,  but  which  he  found   to   differ   somewhat  in  their   re- 

^^tlODS. 

^H  Peptone  a,  precipitable  by  concentrated  nitric  acid  as  well  as  by 
^Ktanium  ferrocyanide  and  dilute  acetic  acid. 

1^^    Peptone  /?,  not  precipitated   by  nitric  acid,  but  by  potassium 
feriocyauide  and  strong  acetic  acid. 

Peptone  7,  not  precipitated  by  nitric  acid,  nor  by  acetic  acid  and 
ium  ferrocyanide. 
now  know  that  Meissner's  peptones  a   and   ff  were   bodies 
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which  we  term  albumoses,  whilst  peptone  y  corresponds  to  pe| 

properly  so-called. 

On  the  prolonged  digestion  of  casein  or  of  fibria. 

nyapep  Mcissner  obtainetl  a  certain  flocculent  insnluble  residur, 

to  which  he  gavo  the  naijie  of  dyspeptone.     This  botly  was  insoluble 

in  0  2  per  cent.  HCl.,  but  soluble  in  stronger  acids.     It  consisted  of« 

mixture  of  antialbintnd  (see  p.  121)  with  nucleins. 


Briickes  views  on  the  IXgesiion  of  Froteids. 

According  to  Briicke,  when  a  typical  proteid — unboiled  fil 

subjected  to  ])eptic  digestion,  the  following  steps  in  the  process  oocut 
The  fibrin  is  dissolved  and,  in  great  part,  converted  into  acid-albumiD 
or  parapeptone,  though  even  from  the  first  some  peptone  is  producetl 
At  this  stage  a  large  precipitate  is  obtained  on  neutralising  the  liqr " 
(Meissner's  parapeptone).  If  digestion  be  very  long  continued,  h( 
ever  (sometimes  Jays  are  needed),  the  parapeptone  disappears, 
that  no  precipitate  is  obtained  on  neutralising*,  and  the  solutioD 
merely  cuutains  peptones. 

The  bodies  taken  for  parapeptones  by  BrUcke  were,  doubtless,  iu 
igreat  part  albumoses. 

The  Researches  of  Schutzenberger^. 

IIeviip7vtein  and  neintalbinnin. 

In  the  year  1885  Schiitzenberger  published  the  results  of  a  serie* 
of  important  researches  on  the  products  of  decomposition  obtaiue^i 
when  albuminous  substances  are  (a)  subjected  to  long-contiuut-il 
boiling  with  dihite  suljihuric  acid,  (h)  digested  in  closed  vessels  at 
temperatures  varying  between  100*0.  ami  l.iO^C  vnth  solution  of 
barium  hydrate. 

Schiitzenberger  placed  a  kilogramme  of  moist 
coagulated  albumin,  in  ti-8  litres  of  water,  to  which 
200  gianis  of  H.^80^  has  been  added,  and  boiled  thb 
mixture  between  one-and-a-half  and  two  hours.  Go 
allowing  the  mixture  to  cool,  there  separated  a  fl<)C- 
cuk'Ut,  homogeneous  precipitate,  resembling  silica,  or 
freshly  precipitated  magnesia.  The  latter,  collected 
on  a  filter,  washed,  and  dried,  presented  the  appeaniuce 
of  yellowish  transparent  masses,  which  yielded  a  nearly 

*  Id  the  filtrate  from  the  precipitate}  there  is,  besides  peptone,  a  solable  protsi^ 
which  is  ooaRulttKlc  on  bniling. 

3  M.  P.  Schi{t/.utibf*r^eT,  'Becherchca  mir  r&lbumine  et  tcs  matij^rea  albnmiiio 
BulUtin  d<f  la  SmietJl  Chimique  dt  Parig.  Tomes  {^3)  pp.  161,  193,  210,  243,  3i*5, 
(24)  pp.  2  et  145. 

These  papers  are  Bbntractod  at  great  length  aud  with  much  ability  in 
JahrtshericJH,  Bd.  v.  (1875).  pp.  290—313. 


Under  the 
InAuence  of 
boiUnc  dlluta 
ftdd  the  pro- 
teid molecule 
la  split  up  Into 
two  moieties^ 
Hemlprotein 
and  Hemlalbu- 
mln. 
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white,  not  hygroscopic  powder,  insoluble  in  water,  alcohol  and  ether. 
This  substance  was  found  by   Schiitzenberger  to  amount  approxi- 
mately to  one-half  the  weight  of  the  albumin  operated  upon.     To 
il  he  gave  the  name  Humiprolcin.     Ho  found  it  to  be  amorjrihous, 
soluble  in  alkalies,  from  its  solutions  in  which  it  could  be  precipitated 
on  neutralising  with  acids,  the  precipitate  being  dissolved  by  an  excess 
of  acid 

The  following  are  the  results  of  elementary  analyses  of  Hemi- 
protein,  dried  at  llO^'C. 

(1)        (2)        (3)        (4)        (5)        (6)        (7)        (8) 

;C.     52-66     54-83     53*33       ! 

iK      701       7-25       7-31        

N.      14  27     14-46     15-08     14-26     14'22 

Hemiproteia  contaiaa  sulphur,  the  amount  of  which  has  not  been 
letenuined. 

Hemjpro-  Schutzcnberger  found  that  when  hemiprotein  was 

further  subjected  to  a  process  of  long  boiling  with 
ilute  sulphuric  acid,  it  furnished  leucin  and  tyrosiu,  and  as  a  chief 
roduct,  an  amorphous  substance  of  a  feebly  sweet  taste,  st^luble  in 
■^wAter  and  alcohol,  to  which  he  gave  the  name  of  Hemiproteidin^  to 
'^^hich  as  a  result  of  his  analyse-s,  he  assigned  the  empirical  formula 

C«H„N,0„  +  H,0. 

Hemiiih  min.  Returning  now  to  the  original  operation  which 
yielded  the  insoluble  hemiprotein,  Schiitzenberger  found 
t.hat  the  acid  filtrate  from  the  latter  contained,  as  its  principal  con- 
stituent, an  aniorphotis  subatancf,  of  feebly  acid  reaction,  and  con- 
taining approximately  C  oO'V,),  H  7''/o.  N  15'4Yo,  to  which  he  gave  the 
name  Hemiaibumin,  and  the  formula  C^H^N.O,^. 

In  addition  to  the  two  principal  products  of  the  decomposition  of 
tbeproteid  molecule  by  boiling  dihito  sulphuric  acid,  tSchutzcnbcrger 
obtained  evidence  of  the  presence  of  many  other  interesting  by- 
producttt,  as  for  instance,  a  substance  similar  to,  if  not  identical  with, 
sarcine,  a  non-nitrogenous,  strongly  reducing,  body  apparently  re- 
JembUng  glucose,  and  a  dibasic  acid,  represented  by  the  empirical 


Kuhiiea  Ohsei^aiions  and  Tfiem^etical  Views. 

V^Tiilst  Schiitzenberger  was  devoting  his  attention  to  the  in- 
stigations some  of  the  results  of  whicii  have  been  refeiTcd  to, 
Klihne  had  been  studying  the  profound  decomposition  which  the 
proteid  mulecule  undergoes  under  the  inttaence  of  trt/psin,  as  he 
ifriiiLKl   the   powerful   proteolytic   enzyme  of  the   pancreas  and  its 
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Whilbt  pepsin  in  acid  solution  and  under  suitable  conditions  of 
temperature,  is  able  to  convert  a  pn>teid  into  peptones,  no  further 
decomposition  of  these  peptones  occurs  however  prolonged  the  action 
of  the  ailiHcial  gastric  juice,  or  however  abundant  the  pepsin  at 
work.     Trypsin  in  alkaline  .solutions,  on  the  other  hand,  was  fouud 
by  Kilhue  to  decompose  proteids  in  such  a  manner  that  there  re- 
sulted, as  final  products  of  digestion, — a  quantity  of  peptone  which 
roughly  amounted  to  half  the  weight  of  the   proteid  acted  upfjo. 
together  with  a  mixture  of  much  less  complex  bodies,  of  which  the 
beat  characterised  were  certain  amido-acids,  and  particularly  leucio 
(araido-caproic  acid)  and  tyrosin  (oxy-phenyl-artido-propionic  acid). 

Further,  when  the  peptone  resulting  from  the  prolonged  action  of 
an  artificial  gastric  juice  was  subjected  to  the  action  of  trypsin,  this 
enzyme  was  found  capable  of  effecting  the  decomposition  of  a  raoietr. 
but  a  moiety  only,  ui"  the  peptone,  and  this  yielded  the  same  pro- 
ducts as  would  have  resulted  from  the  direct  action  of  trypsin  on  the 
original  proteid. 

These  interesting  results  led  Kuhiie  to  a  surmise  similar  to  that 
to  which  Schxitzenberger  had  arrived,  and  served  as  starting  points 
of  several  investigations  which  resulted  in  the  conception,  which  we 
owe  to  Klihue,  of  the  general  lines  upon  which  the  decomposiiion  of 
a  proteid  proceeds  under  the  influence  of  hydrolytic  agents,  however 
diverse. 

To  the  peptone  which  resisted  the  action  of  trypsin,  and  whicli, 
owing  to  this  characteristic,  he  had  no  difficulty  in  separating  fnun 
the  other  products,  Klihne  immediately  assigned  the  name  of 
Antij}eptone,  whilst  he  assiraed  tLe  name  of  Hetnipeptone  to  a 
hypothetical  peptone  which  he  believed  to  be  associated  with  anti- 
peptone  in  the  mixed  products  of  the  action  of  pepsin  and  gastric* 
juice,  and  which  yielded  leucin  and  t}Tosin  when  digested  with 
trypsin  although  he  had  not,  as  yet,  been  able  to  separate  it 
in  a  state  of  even  approximate  purity,  To  the  mixed  peptones 
resulting  from  the  decomposition  of  proteids  by  pepsin  and  acid. 
Kuhne  has,  since  then,  assigned  the  name  muphopeptones. 

The  correctness  of  the  surmise  was,  however,  soon  proved,  ami 
Kuhne  was  able  to  describe  the  methods  of  preparing  and  separating, 
in  approximate  purity,  the  heniipeptone  of  which  he  had  predicted 
the  existence ;  further  by  comparing  the  decomposition  of  proteidj* 
under  varied  hydrolytic  conditions,  alone  and  in  association  with 
Chittenden,  he  was  able  to  discover  several  interesting  products,  occti- 
pying  an  intermediate  position  between  the  native  proteids  and  the 
peptones.  These  researches  are  so  full  uf  interest,  and  a  knowledg^e 
of  them  is  so  essential  to  the  investigator  in  all  departments  of 
Physiological  Chemistry,  that  a  somewhat  detailed  exposition  of 
them  is  necessary', 

*  The  whole  accoant  which  follows  coiiceminiK  Blburaoses  and  peptones  U  condenwa 
from  tlie  various  elabomte  memoirs  publisUcU  on  tho  subject  by  Kuhne  in  asaocistion 
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Before  examiniog  the  particulai*  results  to  which  Kilhne  arrived 
ire  may  briefly  express   their  general  teudency  as  follows:    every 
proteid  when  subjected  to  hydrolytic  decomposition,  or  to  conditions 
which  presumedly  bring  about  decomposition  by  causing  the  body 
in  «|uestion  tx3  combine  with  the  elements  of  water  (such  as  boiling 
with  dilute  sulphuric  acid:  prolonged  heating  of  dilute  hydrochloric 
icid  (0'2o  per  cent.)  at  40"  C-:   digestion  with  pepsin  and  hydro- 
chloric acid:  digestion  with  tr^'psin  in  solution  of  sodium  hydrate  or 
Bodium    bicarbonate:    putrefaction),    splits    up    into    bodies   which 
'  Bloog  to  two  distinct  groups,  a  hemi-group,  and  an  awfi-group.     We 
ty  conceive  of  the  complex  proteid  molecule  combining  with  the 
lents  of  water  and  breaking  up  into   two  (or  more  than    two) 
)lecu1es,  of  which  one  belongs  to  the  hetui-  and  the  other  to  the  aiiti- 
luct  of  decomposition.     By  the  continued  action  of  the  hydrolytic 
!nt,the  primary  cleavage  products  of  each  category  are  further  decom- 
p08«],  until,  under  favourable  conditions,  there  result  x  molecules  of 
antipeptone  and  of  hemipeptone  respectively.   The  bodies  of  the  latter 
group  are  distinguished  by  their  greater  instability  from  those  of  the 
former  group,  and,  particxdarly,  by  the  fact  that  under  the  influence 
of  tn'psin  they  are  capable  of  being  decomposed  into  substances  of 
comparatively  simple  constitution  and  of  which  the  best  characterised 
are  leucin,  tyrosin,  and  glutamic   acid,   whilst  the   bodies   of  the 
anti-group  cannot,  under  the  influence  of  trypsin  and  an  alkali,  be 
split  up  into  bodies    less  complex    than    antipeptono.     In   the  first 
paptT*  in  which  Kiihnc  announced  the   views  under  discussion   he 
exhibitfi   the   relation   of  certain  of  the  bodies  resulting  from  the 
dtK^mposition  of  a  proteid,  by  the  aid  of  the  subjoined  schema,  which 
shews  the  principiil  products  of  the  action  of  hydrolytic  agents  on 
proleids.     It  will  be  observed  that  whilst  the  ultimate  product  (»f  the 
splitting   up    are    peptones,   termed   respectively   anit-peptoue  and 
Af(fti-peptoue,  each  of  these  is  related  to  and  derived  from  a  so-called 
ilhumose.     As  will  be  shewn  in  the  sequel,  the  best  characterised  of 
the  intermediate  products  occupying  a  position  between  the  native 
prijleids   aiid    the   peptones    are    the    albumoses,   anti-    and     hemi- 
albumose  respectively — bodies  which,  whilst  possessing  some  of  the 
ivactioos  of  the  true  peptones,  and  particularly  exhibiting  the  so- 

Alhnniin 


Ajsti-group  Hemi-group 


Antialbumid  (Hemi-protein) 

Antialbumat  (Parapeptone) 

Antialbumnse  Hemialburaose 

Antipeptone  Hemipeptone 

"iUi  hit  pDpil  Chittenden.    The  aathor  hns,  in  many  plAcea,  quoted  dcRCriptiooB  of 
Oeihods  Aud  pro^iertiefl  of  gubatances  almost  verbatim. 

'  Ktlhne^  '  Wcitere  Mittheilangen  fiber  YerdanungRenzymp  nnd  die  Verdanang  der 
AlbamiiM,.'  VtrhtiudlnnyfH  fit*  naUtrhut,  med,  Vereitis  zu  Htidelbeni.  Bd.  u  Httft  4, 
S.J36. 
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called  biuret-reactiou  (which  had  been  supponed  to 
peptones  from  all  other  proteids),  differ,  it  has  been  stated. 
peptones  in  po^essinc  a  lower  power  of  diffusing  throort 
membranes,  a  distinction  which,  if  it  really  existed,  wotdd  it 
the  fact  that  they  possess  a  larger  molecular  weight  than  tiie 
The  statements  which  Funke  originally  made*  ooncemii^ 
dirtusibility  of  the  peptones  have,  however,  in  no  respect 
firme<l  by  the  investigations  undertaken  by  von  Witti<A*  in 
test  them,  nor  by  those  of  so  competent  and  trustworthy 
as  the  late  Richard  Maly*. 


Aniialbumat  and  AntialhumdcL 

Prodncti  r»-  When  proteid  substances  are  digested  at  a  lemj 

tht^  ^Z  ^"""^  ^^  ^  ^-  **^^  hydrochloric  acid  containing 
Uonofprotaidfl  P^*"  cent,  or  boiled  with  dilute  .sulphuric  acid  C^—i 
toy  duat«  addi.  ceut.),  or  digested  with  au  acid  solution  containiog 
Antiaibumat.  a  small  quantity  of  pepsin,  the  decomposition  is  eflfect(  _ 
with  the  formation  of  considerable  quantities  of  the  body  whiA" 
Meissuer  termed  parapeptone,  but  to  which  Kuhne  has  as^gned  the 
new  name  anUalbuinat*.  This  body  is  precipitated  from  the  solution 
by  neutralising  it.  It  is  found,  as  Meissner  had  stated,  to  be  soluble 
in  dilute  acids,  as  well  as  in  a  mixture  of  pepsin  and  acid;  «Aw 
digested  with  the  latter  it  is,  however,  unacted  upon. 

Antialbumat  is  dissolved  by  an  alkaline  solution  of  tiypsio, 
which  at  +0"  converU  it  into  antipeptone. 

When  treated  for  a  long  time  with  acids,  antialbumat  i»  coo* 
verted  into  a  much  less  soluble  body,  to  which  Kiihne  assigns  the 
name  Antialbnmid.     Thus  formed  part  of  the  dysptp- 
tone   of   Meissuer,   which   contained,  in   addition,  so- 
called   nudeius.     The  substance  to  which  Schlitzenberger  assiguoi 
the  name  Hemi-protein  is  antialbumid. 

As  was  said  when  reference  was  made  to  the  body  discovered  br 
the  French  chemist,  antialbumid  is  precipitable  from  acid  solutions 
when  these  are  neutralised  ;  the  precipitated  body  is  wholly  un- 
digeste<i  by  a  mixture  of  pepsin  and  dilute  acid;  it  is  soluble  in  t 
weak  alkaline  solution,  e.g.,  in  a  weak  -solution  of  sodium  hydrate. 

The  characteristic  reaction  which  distinguishes  antialbumid,  froui 
other  bodies,  is  the  jelly-like  coagulation  which  its  sulution  id 
sodium  hydrate  (containing  57,)  undergoes,  when  digested  witli 
trypsin  ;  this  coagulation  resembles  that  produced  by  renuet  in  flui'l* 

J  Funke.  Lehrbuch  dtr  Phtj»iohygif,    5th  ed.    Vol.  i.  p.  208.     VircboWa  Artiav.  VaL 
xm.  (1858).  p.  449. 

'  V.  Witlioh,  "Ueber  die  Diffunibilitiit  der  Peptone/     litrU  klinuch.  WiKhfUtt^ 
1872.  no.  37.     AbHtrftct  published  in  Maly'e  Jahretherkht,  Vol.  u.  {for  ie73|.  p^ 

'  M&ly,  'Ueb«r  Aw  cht:miKi.>lie  Zuhatnmc'DHiUun^^  und  pbyBiolugischofit^deatoDjti 
Peptone.'     Pflttger's  Arr.hir,  Vol.  ix.  (1H71),  pp.  5(J5— GIK. 

*  Ktihnu,  Wcitere  Miitheilung  fiber  VerdauunfffenzijmCt  p.  6. 
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containing  caseio.     When  the  jelly  is  subjected  to  long-continued 
digestion  with  trypsin,  it  is  in  part  gradually  dissolved,  and  the  solu- 
tion is  found  to  contxiin   autipeptone,  as  well  as  some  unchanged' 
iiutialbuniiii,  but  no  trace  of  leucin  or  tyrosin. 

WTiilst  the  action  of  acids  gives  rise,  in  the  way  described,  to  those 
special  products  of  decomposition  belonging  to  the  anti-group, 
rhich  are  denominated  antialburaat  or  antialbumid,  there  are  also, 
issarily,  separated  at  the  same  time  bodies  of  the  hcmi-group, 
ultimately  these  are  resolved,  according  to  circumstances  (nature^ 
id  strength  of  acid,  temperature  and  iluration  of  process 
healing)  into  hemipeptones  or  into  the  ami<lo-acids  which  result  fntm 
)mpoBition  of  the  latter.  The  production,  as  well  as  the  facts  con- 
:ted  with  the  formation,  of  the  bodies  of  the  hemi-group,  as  well 
the  formation  and  properties  of  anlipeptone  are  most  suitably 
lascd  in  connection  with  the  action  of  the  enzymes  on  protcids. 
Before  treating  tliis  branch  of  the  subject,  the  schemata  which  Kuhne 
has  furnished  exhibiting  the  decomposition  of  proteids  under  the 
ittfluence  of  acids  are  placed  before  the  reader. 


Schema  of  Proteid  Decompodtuyii  hy  Acids. 
a.    Action  of  dilute  HCl  (0*25  per  cent)  at  40' C. 
Proteid 


Antialbumat 

I 
Antialbumid 


Hemialbumose 

I 
Hemipeptone 


6.    Action  of  dilute  H,SO^  (3—5  per  cent.)  at  100'  C. 
Proteid 


Antialbuxnld  Hemi-albnmose 

r ■" . 

Hemi|>eptone  Hemipeptone 


Leucin  Tyroiln     Leucin      Tyroiin 


The  Albumoses, 


AlbttmoMs 
^  peptones 
ituiunc  from 
**•  laifln  of 
»«pita  and 
{      iGldi  on  pro- 


We    have  seen  that  under  the   influence  of  hetit, 
dilute  solutions  of  the  mineral  acids  are  able  to  effect 
the  decomposition  of  the  proteid  molecule,  giving  rise 
after   long-continued    action    to   certain    quantities   of 
bodies  of  the  aH/t-gi*oup  which  resist  the  further  de- 
composing action  of  the  aci<l«,  as  well  as  Ui  products 
ved  from  the  /t««u-moiety  of  the  proteid  molecule. 
The  decomposition,  which  acids  effect  with  compai'ative  Hlowness, 
proceeds  with  infinitely  greater  rapidity  in  tho  presence  of  pepsin  and 
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dilute  acid  at  40*^0.  If  tlie  quantity  of  pepaiu  be  sufficient  to  coiifi 
intense  digestive  properties  on  the  eohition,  the  decomposition  p: 
cecds  ill  such  a  niauncr  that  there  are  not  produced  from  the  au 
moiety  of  the  molecule  any  antialbumat  or  anttalbumid ;  were 
latter  body  produced,  inasmuch  as  it  is  incapable  of  further  deco 
position  by  pepsin  and  acid,  it  would  persist  to  the  very  end  of 
digestive  prucess,  whereas  it  is  found  that  under  favourable  circum-^ 
stances  tlie  whole  of  the  proteid  acted  upon  may  be  converted  into 
peptones. 

By  arresting  the  process  of  peptic  digestion  in  its  earlier  stag 
KUhne,  as  was  previously  states!,  has  separated  &om  digestive  tn 
tures  bodies  which  are  included  under  the  generic  name  of  alb' 
moses.  which  are  intermediate  between  proteida  on  the  one  band 
peptones  on  the  other,  there  being  certain  of  them  which  being  con 
vertible  by  a  continued  action  of  enzyme  into  antipeptoue  are  termed 
antialbunioses,  and  others  c-oiivertible  in  a  similar  manner  into  hemi- 
peptones  and  termed  hemi-albumoaes. 

In  the  first  instance,  Kiihne  discovered  and  described  under  t 
term  of  hemi-albnmose  the  first  product  of  hydrolytic  decomposition, 
derived  from  the  hemi-moitity  of  the  proteid  molecule.  He  identified 
it  with  a  body  discovered  and  described  long  ago  by  Bence  Jones^  a& 
a  constituent  of  the  urine  in  acase  ofoateo-malacia,  and  which  Kiihne 
ha<i  himself  also  been  able  to  separate  from  the  unno  in  a  similar 
case^  Subseipient  researches,  however,  have  led  Kiihne  to  discover 
that  hemi-albumt>He  is  a  mixed  product,  consisting  of  several  proteid 
bodies,  which  have  essentially  the  same  percentage  composition,  and 
which  have  several  important  characters  in  common  :  all  of  which 
probably  owe  their  origin  to  the  coTnbination  of  the  elements  of  water 
with  the  proteid,  and  occupy  positions  intermediate  between  proteidi 
and  peptuues. 

Hemi-albumose,  thus,  is  a  mixture  of  the  albumosea,  belonging 
to  the  hcmi-moiety  of  the  proteid  molecule,  which  are  all  convertible 
directly  by  pepsin  and  acid  into  hemipeptune,  whilst  ultimatelv 
furnishing,  when  digested  with  trypsin  and  alkali,  or  when  boiled 
with  sulphuric  acid,  leucin,  tyrosin,  glutamic  acid,  &c.  According 
to  Curtain  subordinate  characters,  such  as  solubility  in  water  aud 
solutions  of  sodium  chloride,  KUhiie  and  Chittenden  have  described 
proto-albumo«es,  hetero-albumosi^a,  deutero-albumoses,  aud  dys-alba- 
moses'. 


y 


*  Bence  Joneji.  Philo»ophira}  Transactions^  1848.     Part  l  p.  55. 

*  Ktihiie,   'Uebet-  HemialbumoBc  iin  Uarn.'     Zeit$ohrift  fur   Uiologit,     Vol  xn. 
p.  '200. 

Kiihne  and  ChitteDden.  ander  heading  *AlbumDsen  im  Harn  bei  OsteomalBcift'  io 
Memoir  'Ueber  Albumosen.'     Xcii*chrift  fiir  Jiioloffit.     Vol.  xx.  p.  40. 

*  Kiihne  and  Chittenden,  'Ueber  AJbumoseo.'     XeiUchrift  ffir  liiolof/ie.    Vol.  u- 
(1B8.1),  pp.  11-51. 

Kiihne  uud  Chittenden,  'Myoftin  und  Myosinosen.'     XfiUchrift  fSr  Biofoffi4.^<«- 

XXV.  J188H),  pp.  :^5H_^^G8. 

Cnittendi?n  und  Hart,  *  Elostin  und  KlaBtinosen.^     ZeiUchrift  pir 
XXV.  (18891  pp.  3G8— 3»0. 
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From  the  solution  after  digestion,  acetic  acid  added  to  neutralisa- 
tion, threw  down  a  substance  having  the  characters  of  antialbumid, 
and  particularly  exhibiting  the  characteristic  property  of  yielding 
when  digested  with  soda  and  trypsin  a  thick  jelly.  The  filtrate  from 
the  acetic  acid  precipitate  of  antialbumid  contained  antipeptone, 
which  when  digested  during  eight  days  at  40°  C.  with  soda  and 
trypsin  gave  no  trace  of  leucin  or  tyrosin. 

From  the  solution,  antipeptone  could  be  precipitated  by  concentra- 
tion and  the  addition  of  alcohol 

Hevii-albumose  and  the  Albumoses, 

As  the  reader  has  gathered  from  much  which  has  preceded 
hemi-albumose  is  the  name  which  was  applied  by  KUhne  to  the  fit^ 
product  of  the  action  of  hydrolytic  agents  and  especially  of  tt>^ 
proteolytic  enzymes,  upon  the  hemi-moiety  of  the  proteid  molecul^ 
To  the  same  product  the  term  o  peptone  had  been  assigned  "t^3 
Meissner  and  propeptone  by  Schmidt-]iiulheim\ 

As  a  result  of  his  earlier  researches,  Kuhne  announced  henB^' 
albumose  to  be  a  body  sparingly  soluble  in  cold  water,  more  solub^® 
in  hot  water;  precipitable  by  nitric  acid,  the  precipitate  bein^^ 
dissolved  on  adding  an  excess  of  acid,  or  on  heating ;  the  precipitati^^ 
in  the  latter  case,  returning  when  the  liquid  is  allowed  to  coo^^ 
Hemi-albumose  was  found,  further,  to  be  soluble  in  weak  solutions  c^^" 
NaCl,  from  which  it  is  deposited  if  the  salt  be  added  to  saturatiot^^ 
Acetic  acid  and  ferrocyanide  of  potassium  precipitated  solutions  <y  ^ 
hemi-albumose.  With  copper  sulphate  and  sodium  hydrate,  hemi-^-' 
albumose  was  found  to  give  in  an  intense  degree  the  'biuret'  reaction  .^ 
which  had  been  supposed  to  be  characteristic  of  the  true  peptones. 

A  fuither,  most  useful,  character  of  hemi-albumose,  a  knowledge 
of  which  we  owe  to  Wensj',  is  that  of  being  completely  precipitate<X- 
wheu  its  solutions  are  saturated  with  ammonium  sulphate.      Thi» 
salt  affords  indeed  an  easy  and  certain  method  of  separating  peptones 
from  all  other  proteid  substances  in  a  digestive  mixture,  these  being 
thrown   down,  whilst  the  peptones  are  left  in  the  solution,  which 
then    may   be   freed  from   the  ammoniacal  salt  by  dialysis,  or  by 
boiling  with  barium  carbonate  or  hydrate. 

Even  in  one  of  his  earlier  papers,  on  the  immediate  products  of 
decomposition  of  the  proteids,  Kuhne  had  expressed  a  doubt  as  to 
the  product  which  he  had  termed  hemi-albumose  being  a  definite 
chemical  individual.  The  researches,  which  he  in  conjunction  with 
Chittenden  afterwards  carried  out,  proved  conclusively  that  the 
hemi-albumose  which  he  had  first  obtained,  is  a  mixture  of  several 
bodies,  to  which  they  have  assigned  the  names  '  proto-albumose,* 
'deutero-alburaose,'  '  hetero-albumose  *  and  *dys-albumose.*     Still  it 

'  Schmidt-Miilheim,  ^Unterauchungen  uber  d.  Verdauung  der  Eiwei88-K6rper.*  Du 
Bois  Reymond.  Archiv  f.  AmU.  ii.  /%«.,  Phya.  Abth.  1879,  p.  1. 

3  Wenz,  'Ueber  das  Verhalten  der  Eiweieastoffe  bei  der  Darm-Vezdanoiig.*  Zeit- 
fchrijtf.  Hiohtqie.     Bd,  22  (1886),  8.  1. 
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appears  to  the  Autbor  that  we  may  with  ai]vautage  retain  the  term 
hmi-albuniose  for  the  mixed  product  containing  allthe  ulbumoaes. 

iftbod  Blood    fibrin    affords   a    material    from    which    the 

ta    obuiniiuf    xnixed  albumoses  can  be  obtained  with  the  greatest 

BNM'  (Le.  Uia     ^^^■ 

aitra-  Fibrin  obtained   by  stirring  or  Avhipping  btood   is 

from  thoroughly  waslied  with  water  and  it  is  then  placed  in 
0*2  per  cent.  HCl  until  it  has  swollen  up  into  a  jelly ; 
He  acid  and  fibrin  are  heated  to  37'"  and  an  active  solution  of  pepsin 
is  then  added,  which  causes  solution  of  the  fibrin  to  occtir  in  the 
course  of  very  few  minutes.  Digestion  may  be  allowed  to  go  ou  for 
about  an  hour  and  may  then  be  stopped  either  by  cooling  the  li4uid 
or,  better  still,  by  neutralising  it  with  sodium  hydrate. 

Kuhne  and  Ohittenden  in  one  of  tlieir  experiments  placed  1500 
gtimmes  of  raw  tibiin  in  ft  litres  of  HCI  (0*4  per  cent.)  for  24  hours, 
Uea  heated  it  to  45*  C.  and  mixed  with  it  400  c.c.  of  normal  artiticial 
gastric  juice  and  digested  th«  mixture  for  1  hour'. 

^_^  An  abundant  precipitate  falls  which  is  separated  by  filtration, 
^Bpd  to  the  filtrate  powdered  sodium  chloride  is  added  in  such 
^^Hutntities  that  some  remains  undissolved  and  mixed  with  the  abund- 
^^pt  white  precipitate,  which  is  collected  in  a  filter  and  washed  with 

a  little  saturated  NaCl  solution.     The  product  is  hemi-albumose,  i.e. 

a  mixture  of  the  albumoses  derived  trom  the  hemi-moiety  of  the 

proteid  molecule. 

The  product  described  in  the  preceding  paragraph  is. 
separateii  from  the  filter  and  in  poiimied  in  a  mortar 
together  wnth  a  saturated  solution  of  NaCl,  which 
dissolves  and  holds  in  solution  the  so-called  deutero- 
albumose,  whilst  proto-albumose,  dys-albuinose  and 
heter>>alburaose  remain  undissolved. 

From  the  solution  in  NaCl  above  referred  to  deutero-albuinose  i» 
recipitated  by  means  of  acetic  acid  in  which  sodium  chloride  has 
n  dissolved. 

The  sepaitition  of  the  albumoses  thrown  down  by  NaCl  is  efi:ected 
M  follows.  The  mLsetl  precipitate  containing  them  is  presseil  so  as 
to  &ee  it  as  thoroughly  as  possible  from  adhering  salt  solution,  and 
\b  then  treated  with  a  considerable  quantity  of  water,  whicli  dis.<*olves 
it  almost  entirely.  The  insoluble  matter  is  separated  by  filtration 
and  ground  in  a  mortar  with  5  per  cent,  solution  of  NaCl,  and  then 
with  water,  and  constitutes  the  so-called  dys-albumose.  The  united 
atioQS  containing  NaCl  are  dialysed,  whereupon  a  precipitate  occurs 
80-called  hetero-albumose,  whilst  proto-albumose  is  left  in  solution. 

All  the  details,  n  knowledge  of  which  is  necesBory  for  repeating  K(llme*B  experi* 

il,  will  t*  found  in  iho  paper  by  ChiKcnden  and  himself,  'Ueher  Albumosen.' 

ilKhrift  fiir  Bioioijie,  Vol.  xx.  (18^1),  pp.  U— ol :  refer  to  p.  IJ*.     The  reader  may 

al90  refer  to  a  previous  paper  by  the  Aame  autliora,  '  Ueber  die  iiachsten  Spaltanf^ 

prodnkie  der  Eiweisa-Kiirper'  XeiUchrift  fllr  liiuUnjie,  Vol.  xix.  (18H.^),  pp.  IJU— atW : 

icfer  to  pp.  l&l  and  195. 
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PROTO-ALBUMOSE. 


Proto-  The  aqueous  solution  which  has  been  dialysed  anil 

aibumow.  ^^^^^  separated  from  heteroalbuinose,  possesses,  as  do, 

according  to  Kiihne,  all  solutions  ofalbumoses,  an  alkaline  reaction. 

In  order  to  obtain  proto-albumose  in  a  state  of  purity,  the  solu- 
tion is  saturated  with  NaCl.  the  precipitate  dissolved  in  water,  and 
the  process  of  precipitation  and  solution  repeated  four  times. 

From  the  watery  solution  of  this  purified  proto-albumose,  the 
solid  substance  is  obtained  by  precipitating  directly  with  alcohol,  or 
by  first  concentrating  the  solution  in  the  water  bath  and  then  adding 
alcohol  to  the  concentrated  solution.  The  alcohol  precipitate  is 
wa-'^hed  successively  with  alcohol  and  ether,  after  treatment  \vilh 
which,  proto-albumose  is  obtained  in  thick,  snow-white  masses.  The 
substance  ia  highly  soluble,  and  although  its  aohition  is  not  effected 
immediately,  the  quantities  dissolved  are  so  great,  that  a  solution  of 
syrupy  consistence  can  be  obtained.  The  solutions  are  colourless, 
not  perfectly,  although  almost  perfectly,  transparent,  and  have  an 
alkaline  reaction. 

When  nitric  acid  is  added,  drop  by  drop,  to  a  pure  solution  of 
proto-albumose,  a  white  precipitate  falls  which  at  first  disappears 
when  the  fluid  is  mixed  by  shaking,  a  fresh  precipitate  occurring  on 
addition  of  more  acid.  The  precipitate  which  persists  after  a*1dinff 
a  .sufficient  quantity  of  acid,  disappears  on  heating,  but  is  deposited 
again  as  the  lii^uid  cools.  An  excess  of  nitric  acid,  even  in  the  colJ, 
dissolves  the  precipitate  at  first  formed,  the  solution  assuming  a 
yellow  colour;  sodium  chloride  added  to  it  throws  down  a  precipitaK 
which  is  entirely  dissolved  by  heat,  and  deposited  again  on  cooling. 

Solutions  of  proto-albumose  are  precipitated  by  acetic  acid  au<l 
potassium  ferrocyanide.  If  the  quantity  of  acetic  acid  be  small 
the  precipitate  is  undissolved  by  heat ;  if,  on  the  other  hand,  strong 
acetic  acid  be  added  to  the  solution,  a  larger  quantity  of  ferro- 
cyanide is  required  to  produce  a  precipitate,  hut  this  is  dissolved  on 
heating  the  liquid,  which  becomes  turbid  on  cooling. 

Solutions  of  proto-albumose  if  saturated  with  NaCl  and  filtered 
become  a  little  less  transparent  when  boiled,  and  the  turbidity  con 
tinues  when  they  are  cooled.    The  mldition  of  a  trace  of  acetic  acid 
such  solutions  causes  them  to  become  very  turbid. 

Cupric  sidphate,  mercuric  chloride,  and  basic  lead  acetate,  cause 
heavy  precipitates,  which  in  the  case  of  the  first  and  third  of  these 
reagents  are  soluble  in  excess  of  the  precipitant.  These  precipitates  are 
only  partially  dissolved  when  the  liquid  in  which  they  occur  is  boiled. 

Treated  with  a  trace  of  copper  sulphate  and  a  large  quantity  of 
solution  of  sodium  hydrate,  solutions  of  proto-albumose  exhibit  the 
beautiful  red-violet  so-called  'biuret*  reaction,  When  boiled  with 
lead  acotatt:^  aud  alkali,  solutions  assume  a  dark  colour  due  to 
formation  of  PhS^. 

Proto-albumose  is  laevogyrous.      Kiihne  and  Chittenden  deter 
mined  the  specific  rotation  of  five  different  preparations  of  t 
stance  and  ohtained  the  following'  results: 
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Preparation  A  (o)i>  =  -  72-64 
B  {a)n  "=■  -  79  -05 
C(a)o  =  -77  90 
D(a)^  =  - 73-18 
E(a)i)=-71"40. 

The  following  are  the  means  of  several  analyses  of  each  of  five 
diSercat  preparations  of  proto-albuiuose  (Kiihue  and  Chittenden). 


E^parfttion 

Carbon 

Hydrogen 

Nitrogen 

Sulphur 

Oxygen 


A 

(Mean) 

50  89 

6-83 

1712 

117 
23-99 


B 
(Meau) 
50-39 

17-12 

1-07 
24G8 


C 

(Meau) 
o0-54 

6C9 
17-34 

M7 
24-26 


D 
(M«au) 
5 1-50 

6-80 
1713 

0-94 
23G3 


E 

(Mean) 
50'o5 

6-85 
17-01 

1-07 
24-52. 


BitBO-  As  has  been  already  stated,  this  body  separates  from 

*I*«M»».  the  salt  solution  of  the  mixed  albumoses,  during  dialy- 

su,  and  adheres  as  a  gum-like  mass  to  the  walls  of  tlie  tube  dialyser 
in  which  the  operation  is  carried  on,  so  that  in  order  to  separate  it 
the  tubes  must  be  cut  open.  Hetero-atbumose  cannot  consequently 
be  separated  from  the  proto-albumose  solution  by  filtration,  but  its 
collection  is  rendered  more  easy  if  the  li(|ui<l  be  saturated  with  sodium 
chloride,  after  which  it  is  separated  by  decantation.  The  crude 
bet«ro-albumose,  thus  obtained  on  drying,  assumes  the  appearance  of 
plates  of  gelatin.  In  order  to  purify  the  substance,  two  methods  are 
available;  the  first  of  which  consists  in  dissolving  it  in  5  or  10  per 
cent.  Bolutiou  of  NaCl,  and  simply  dialysing  the  solution  ;  the  second 
consists  in  precipitating  the  salt  solution  just  referred  to  by  means  of 
n*ck  salt,  redissolving  the  precipitate,  and  then  dialysing  the  solu- 
tion. 

Hetero-albumose  is  insoluble  in  pure  water,  which  thereby  causes 
fragments  of  the  substance  to  soften  and  swell.  Solutions  of  NaCl, 
80  dilute  as  to  contain  less  than  O'o  per  cent,  of  the  salt,  or 
stroQg  to  complete  saturation,  dissolve  hetero-albumose,  though 
*lowly,  in  considerable  proportions,  though  the  salt  acts  most  effi- 
<^Dl]y  as  a  solvent  in  proportions  varying  between  o  and  10 
per  cent.  On  completely  saturating  solutions  of  hetero-albumose 
*ilh  NaCI,  the  substance  is  abundantly  precipitated,  though  precipi- 
tAtioa  is  not  complete,  and  on  subsequent  dialysis,  a  further  precipi- 
tate id  obtained.  Strong  solutions  in  5  to  10  per  cent,  solutions  of 
NaCl  are  rendered  turbid  by  the  addition  of  water. 

lu  addition  to  neutral  salts,  dilute  solutions  of  acids,  alkalies,  and 
alkaline  carbonates,  act  a^  efficient  solvents  of  hetero-albumose. 

The  solutions,  thus  obtained,  are,  in  general,  precipitated  by  neu- 
tralising them,  though  never  completely  so,  as  the  substance  is  held  in 
wlation  by  the  salts  which  are  formed  during  the  process.  NaCl 
solutions  of  hetero-ivlbumose  always  have  a  distinctly  alkaline  re- 
action. 
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Tlie  moat  characteristic  property  of  hetero-albumose  18  the  beha^ 
viour  of  its  solutions  when  boiled,  as  well  as  the  peculiar  behaviour 
of  the  undissolved  body  when  the  Huid  in  which  it  is  suspeuded  i& 
boiled. 

When  hetero-albumose  is  suspended  in  water  and  boiled,  it  be- 
comes completely  insoluble  in  solutions  of  NaCl  of  all  strengths. 
During  the  process  of  heating  the  substance  appears  to  melt,  aad 
adheres  in  patches  to  the  glass ;  on  cooling,  it  sets  in  masses,  which 
are  either  leathery  or  harder. 

Saturated  solutions  of  hetero-albumose,  containing  ^ — 2 — 3 — » 
per  cent,  of  NaCl,  coagulate  about  equally,  e,g.  the  turbidity  pro- 
duced is  about  the  same  in  degree  in  the  different  cases.  If,  however, 
the  solutions  have  been  diluted  with  from  three  to  five  times  their 
own  volume  of  solution  of  pure  NaCl,  containing  the  same  amount 
of  the  salt  aa  they  contain,  no  precipitate  is  obtained  when  tbe 
liquid  is  boiled  or  when  it  8ubse<iuently  cools.  The  gradual  addition 
of  acetic  acid  to  these  clear  solutions  causes,  however,  a  turbidity, 
wliich  increases  at  first,  but  after  a  certain  point  disappears.  Nitric 
acid  added  to  the  fluid  will  now  cause  a  fresh  turbidity,  which  dis- 
appears on  adding  a  sufficient  excess  of  acid.  If  to  the  cold  solulioD. 
which  is  ck'ar  and  remains  clear  when  boiled,  strong  solutions  oi 
Nad  be  added,  a  prccipiUite  occurs  which  disappears,  or  nearly  so, 
on  boiling,  aud  reappears  again  on  cooling. 

When  to  a  solution  of  hetero-albumose  only  so  much  acetic  w 
nitric  acid,  respectively,  is  added,  as  will  occasion  a  perceptible  tur- 
bidity, this  is  observed  to  increase  as  the  liquid  is  heated,  to  disap- 
pear when  it  is  boiled,  and  to  reappear  in  increased  degree,  when  it 
IS  cooled. 

Hetero-albumose,  which  has  been  suspended  in  water  and  rendered 
insoluble  by  boiling  the  water,  is  found  to  swell  and  dissolve  com- 
pletely in  HCl  containing  between  01  and  0*2  per  cent,  but  to  be 
almost  insoluble  in  solutions  of  sodium  hydrate  (coutaiuing  from  U*2o 
to  3  per  cent,  of  NaHO).  By  its  solution  in  hydrochloric  acid  the 
coagulated  substance  appears  to  have  been  in  part  reconverted  into 
normal  hetero-albumose,  identical  with  the  original  substance,  but  in 
part  to  have  been  changed  into  a  substance  identical  with  dys-albu* 
mose. 

Acetic  acid  and  potassium  ferroc}'anide  render  solutions  of  hetero- 
albumose  strongly  turbid,  the  turbidity  disappearing  on  adding  a 
sufficient  quantity  of  the  acid.  When  the  reagents  are  added  in 
certain  favourable  propwrtions,  it  rnay  be  noticed  that  the  turbidity 
occasioned  by  acetic  acid  and  potassium  ferrocyanide  disappears  o: 
boiling  the  liquid,  but  reappears  when  it  becomes  cold. 

With  copper  sulphate  and  sodium  hydrate,  hetero-albumose  gi 
the  biuret  reaction,  but  it  ia  to  be  noted  that  a  very  faint  excess  of 
the  copper  salt  suffices  to  conceal  entirely  the  rose  colour,  which  is 
then  covered  by  the  well-known  violet  colour,  characteristic  of  the 
albuminous  substances  in  solution. 
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When  boiled  with  lead  acetate  aod  sodium  hydrate,  a  brown 
precipitate  occurs  in  solutions  of  hetero-albumose.  but  this  is  smaller 
ia  amount  than  would  be  expected  from  the  auiouut  of  sulphur 
"which  the  substance  contains. 

Copper  sulphate,  and  neutral  and  basic  lead  acetates,  precipitate 
solution  of  hetero-albiimose  in  sodium  chloride,  and  the  precipitates 
are  insoluble  in  excess  of  the  precipitauts. 

Unlike  proto-  or  deutero-albumose,  hetero-albumoae  iu  solution 
is  not  precipitated  by  mercuric  chloride,  whether  the  reaction  be 
alkaline,  neutral,  or  faintly  acid.  On  addition  of  acetic  acid,  however, 
a  precipitate  falls  which  requires  a  very  large  excess  of  acid  to  dis- 
solve it. 

Hetero-albumose  is  laevogyrous,  its  specific  rotation  having  been 
found  (the  mean  of  tliree  determinations)  to  be  (a)^  =  —  68"'65. 

The  following  is  the  composition  of  hetero-albumose,  according  to 
the  analyses  of  Kuhne  and  Chittenden  : 

Carbon  5074 

Hydrogen 6'72 

Nitrogen  1714  i 

Sulphur 116  ■ 

Oxygen 24*24  ^ 

From  these  numbers  it  would  appear  that  there  is  no  appreciable 
difference  in  ultimate  composition  between  proto-  and  hetero- 
albumose. 

Dentcro-  This  bo<ly,  although  present  in  the  mixed  *  hemi- 

■itramoM.  albutnose'  product  ut'  digestion  with  pepsin  and  acid, 

was  obtained  by  Kiihne  most  easily  from  '  Witte'a  Peptone,'  which  is 
an  article  of  commerce,  and  like  the  majority  of  other  commercial 
preparations  sold  under  the  name  of  Ft'ptones,  contains  large  quan- 
tities of  the  raixeil  albutnoaes  in  ad<lition  to  hemi-  and  anti- 
peptones. 

The  mixed  albumoses,  or  Witte's  peptone,  having  been  pounded 
in  a  mortar  with  saturated  solution  of  NaCl,  and  the  solution 
having  been  filtered,  it  is.  treated  with  acetic  acid,  which  at  once 
throws  down  an  abundant  precipitate  of  deutero-albumose,  which  is 
collected  in  a  bag,  washed  with  saturated  solutions  of  NaCl,  redis- 
solved  again  in  weak  salt  sr>lution,  and  reprecipitated  with  acetic 
acid.  The  precipitate  is  again  dissolved,  the  salt  and  acetic  acid  are 
separated  by  dialysis,  the  acid  with  considerable  difficulty,  and  best 
after  having  been  cautiously  neutralised  with  solution  of  sodium  hy- 
drate. In  the  dialyser,  the  hetero-albumose  is  found  in  solution.  The 
latter  Li  concentrate*]  by  evaporatiuu,  and  the  hetero-albumose  is  pre- 
cipitated by  the  addition  of  alcohol ;  the  precipitate  is  washed  with 
absolute  alcohol  and  ether  and  obtained  as  a  perfectly  white,  light 
powder,  which  but  for  containing  a  small  quantity  of  calcium  sulphate 
(0"68 — 177  per  cent.)  appears  to  be  perfectly  pure. 
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Deutero-albumose  is  not  precipitated  from  its  solutious  bysatnrv 
tion  with  sodium  chloride. 

Even  when  its  solutions  are  saturated  with  NaCl  and  boiled  no 
precipitatiou  occurs. 

Solutiuua  in  pure  water  are  not  precipitated  by  boiling,  even 
after  being  acidulated  with  acetic  acid.  Nitric  acid  produces  neither 
(turbidity  n4)r  precipitate ;  when  added  in  alight  excess  the  liquid 
becomes  yellow,  even  in  the  cold.  If,  however,  sodium  chloride  be 
added  in  sufficient  quantity  to  this  yellow  liquid  it  becomes  torhiii, 
but  when  heated,  long  before  it  reaches  the  boiling-point,  it  becomes 
clear;  on  cooling,  however,  the  solution  becomes  aa  opaque  ts 
before. 

When  solutions  of  deutero-alburaose  are  rendered  feebly  acid  bv 
means  of  acetic  acid,  and  theu  a  few  drops  of  a  solution  of  NaCJ 
added,  they  may  remain  perfectly  clear;  on  then  gently  heating, a 
turbidity  often  becomes  visible,  to  disappear  when  the  temperatani 
rises,  and  to  reappear  permaiieutly  on  cooling,  after  which  the  liquid 
must  be  heated  almost  to  boiling-point  in  order  to  clear  it. 

If  the  quantity  of  NaCl  added  be  gradually  increased,  however,  it 
will  he  found  that  nn  boiling  the  solution,  the  precipitate  almost,  bal 
never  quite,  disuppears  on  boiling.  If  the  liquid  be  filtered,  how- 
ever»  it  will  be  found,  that  though  it  at  first  pas-ses  through  the  filter 
perfectly  clear,  it  at  once  commences  to  precipitate,  in  consequence 
of  the  auddeu,  though  slight,  fall  in  temperature.  If  acetic  acid  be 
added,  however,  to  a  cold  NaCl  solution,  in  which  a  precipitate  had 
been  caused,  in  quautity  sufficient  to  dissolve  the  precipitated  deu- 
tero-albunioae,  no  further  precipitation  will  be  caused,  though  the 
liquid  be  again  boiled. 

When  heated  with  lead  acetate  and  sodium  hydrate,  deutero- 
albumose  darkens  intensely.  To  iicetic  acid  and  potassium  ferro* 
cyanide,  as  well  as  to  solutious  of  neutral  and  basic  lead  acetate, 
copper  sulphate,  and  mercuric  chloride,  deutero-albumose  behaves 
precisely  as  proto-albumose. 

Like  all  the  albnmoses  it  is  precipitated  completely  from  its  solu- 
tions when  these  are  saturated  with  neutral  amrnuuium  sulphate. 

Deutero-albumose  gives  with  copper  sulphate  and  sodium  h^ilraie, 
the  rose  colour  which  constitutes  the  biuret  reaction. 

Deutero-albumose  is  laevogyroua.  The  specific  rotation  of  the 
preparation  was  found  by  Kuhne  and  Chittenden  to  be  (1)  (a)j,' 
-  74^41.  and  (2)  (a)^=  -  79*^-11. 
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The    follijwing 
albumose  : 


numbers   exhibit    the    composition    of   deuteiO- 


Carbon 5084 

Hydrogen 6*85 

Nitrogen  17'14 

Sulphur    107 


Oxygei 
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'Vn-aibnmo  That  portion  of  the  mixed  albumoses  which  is  un- 

dissolved by  saturated  solution  of  NaCl,  as  well  as  by 
wlutioDs  contaiuing  respectively  10  and  5  per  cent,  of  salt,  is  treated 
tith  water,  and  the  insoluble  matter  is  treated  %vitb  dilute  HCl 
(0"2  per  cent.),  in  which  it  is  for  the  must  part  soluble.  The  solution 
is  filtered  and  the  filtrate  neutralised.  By  this  treatment  a  con- 
wderable  portion  of  the  substance  has  become  soluble  in  NaCl,  and 
has  in  reality  been  converted  into  hetero-albumose;  that  portion 
which  has  not  been  converted  into  this  substance  aud  which  has 
been  precipitated  by  neutralisation,  is  thoroughly  washed  with 
solution  of  NaCl  and  water,  and  then  extracted  with  alcohol  and 
ether. 

When  dys-albumose  is  dissolved  in  sodium   hydrate   containing 
1  per  cent.,  on  neutralising,  it  is  found  to  have  been  almost  entirely 
converted    into  a  substance   soluble  in  NaCl,  precipitable  from  its 
_  KaCl  solution  with  all  the  characters  of  hetero-albumose. 

'■H  Similarly,  when  pure  hetero-albumose  is  precipitated  from  its 
solutions  by  an  excess  of  NaCl.  a  portion  of  it  always  appears  to  be 
converted  into  a  body  identical  with  dys-albumose.  and  the  same 
change  occurs  when  hetero-albumose  is  long  preserved  under  alcohol, 
or  in  a  dry  condition. 

Ou  ultimate  organic  analysis,  Kiihne  and  Chittenden  found  dys- 
Jbumose  to  have  the  following  composition: 

Carbon  60'»8 

Hydrogen 6*89 

Nitrogen    1708 

Sulphur 1*23 

Oxygen 23-92 

From  the  facts  observed  by  them  relating  to  the  conversion  of 
netero-albumose  into  dys-albumose  and  the  converse.  Kiihne  and 
'•''bittenden  draw  the  conclusion  that  dys-albumosc  is  but  hetero- 
^bnmose  which  has  been  converted  into  an  insoluble  modification 
'hrough  the  agency  of  neutral  salts. 

The  annexed  table  exhibits  the  mean  of  all  the  results  of  Ktihne 
*fld  Chittenden's  analyses  of  the  albumoses,  as  well  as  of  their 
^terminations  of  the  specific  rotatory  power  of  each. 

iNameisur'a  According  to  Neumeister  the  soluble  albumoses 
^•concern-  should  be  divided  into  (1)  primary  albumoses  which 
^  t&a  aibu-  include  proto-albumosc  and  hetero-albumose  and  (2) 
"*••■  secondary  albumoses,  viz.,  so-called  heiui-deutcro-idbu- 

ifiose  and  arapho-deutero-albumose;  tlie  primary,  representing  a  first 
^e  of  hydration,  aud  the  secondary  a  subsequent  hydration. 

Secondary  albumoses  are,  according  to  NeumciRter,  distinguished 
from  the  primary  by  the  following  reactions: — (1)  they  are  not 
precipitatea  by  nitric  acid  from  solutions  which  are  free  from  saline 
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Ailmixturea :  (2)  nor  by  a  2  per  cent  solution  of  copper  sulphate: 
<3)  nor  when  their  neutral  solutions  are  saturated  with  sodium 
chloride.  (4)  Phospho-molybdic  and  phospho-tungHtic  acids  pre- 
cipitate the  primary  albumoses  completely^  but  the  secoudary  incom- 
pletely (t)  According  to  Neumeister,  hetero-albumose  is  related  to 
anti'  as  well  as  to  the  hemi-  moiety  of  the  proteid  molecule;  by  a 
subsequent  hydration  he  supposes  it  to  yicKI  an  ampho-dentcro-albu- 
mose,  Le.,  a  deutero-albumose  in  which  both  hemi-  and  anti-mole- 
cules are  still  present  and  which  on  final  hydration  will  yield  both 
hemi-  and  a«fi-peptone'. 

Quiiflcation  The  researches  of  Kuhne  and  Chittenden,  of  Neu- 

•vjj^™**?"  mcister  and  others,  have  shewn  that,  corresponding  to 
Uuir  oruia.  ®^*^^  "^^  ^^^  principal  proteiils  and  also  corresponding  to 
several  of  the  albuminoid  substances,  by  the  action  of 
hjdrolytic  agents  and  especially  of  the  digestive  enzymes,  bodies 
can  be  obtained  which  agree  in  their  relations,  and  resemble  for 
the  most  part  very  closely  both  in  physical  properties  and  chemical 
characters,  the  albumoses  which  have  been  described.  Terms  have 
been  devised  to  designate  these  bodies,  which  serve  to  indicate 
their  origin.  Thus  Kiihne  and  Chittenden  have  described  globuloses*; 
ChiUenden  and  Painter  caseoses";  Neuttieister  vitelloses* ;  Kuhne 
aut]  Chittenden  myosiuoses*;  Chittenden  and  Hart  t^'lastoses* — these 
t>«iug  the  albumoses  corresponding  to  globulin,  casein,  vitellin, 
Kijosin  and  elastin  respectively.  Similarly  proto-  and  deutero- 
^ibumoses  corresponding  to  the  several  bodies  have  received  the 
^mcfi  of  proto-globulose,  deutero-globulose,  proto-mypsinose,  deutero- 
^Bjoeinose,  &c. 

It  has  been  euggeatod,  by  Halliburton^,  that  the  albumofies,  conjointly, 

"^ould  be  designated  proUos*:^.     It  itpjjtiars  to  the  author  that  no  ground 

^batever  ejcists  for  adding  a  frosh  name  to  the  cumbersome  list  of  those 

^''^•dy  suggested,  especially  as  the  term  proteose  ia  non-suggestive  of  the 

'^'^n  of  the  bodioa  to  which  it  is  desired  to  apply  it,  and  is  certain  to 

"■^lead;  inasmuch  as  the  Greek  numeral  adjective*  having  served  as  pro- 

^%es  to  distinguish  the  diffei*ent  albumoses,  the  suggested  term  proteoses  ia 

.   ^y  ^  ^  assumed,  by  many,  to  refer  to  the  proto-albumoses,  as  dis- 

T^'igaished  from  the  deutero  or  heteru-albumoses,  rather  than  as  distinguish- 

^^  the  albumoses  from  the  true  (leptones. 

'  Neomeister,  ZeiUchriJt  ftir  [tiologie.  Vol.  xxvi.  p.  67. 
'  Kdbne  and  Chitteadea.     Zeitschrifi  Wr  Itiologie,  Vol.  xxti.  p.  409. 
'  R.  U.  Chittenden  and  H.  M.  Painter,*  *  Casein  and  its  prima:^  elearagp  prodacU.* 
^^ttdiupvm  the  lAiborntonj  of  Vhynioloijical  ChemhtTV  of  YaU  College  for  18^5 — 1886, 
l».  166. 

*  K.  Nenmeister, '  Ueber  VitclIoBOn.'     ZeiUchrift  fUr  Biolwjie,  Vol.  xiiu.  p.  2. 
'  Kfihne  and  Chittenden,  'Myosin  and  Myosinoseu.'     ZtxUckriJt  Jiir  liiologiet  Vol. 
»»T.  (1889)  p.  858. 

'  tt.   H.   Chittenden,   d.  A,  J.  Hart,    *  Elautin   und    EUstoBen.'     ZeiUchriJi  /Or 
diatom f.  Vol.  XXV.  (1889),  p.  368, 

'Halliburton,  *A  t^t  book  of  Chemical  Phyeiology  and  Pathology.*     London, 
Longman  and  Co.,  1891. 
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PEPTONES. 


Peptones. 


Whatever  the  iutt^rmediate  products,  the  ultimate  products  wl 
result  from  the  action  of  gastric  juice,  natural  or  artificial,  are " 
which,  as  stat>ed  previously,  were  first  designated  peptones  bj  Leh- 
manu.  We  have  pointed  out  that  Meissner  distinguished  several 
peptones,  which  differed  in  certain  reactions  one  fri^m  another.  Until 
lately,  the  chaiucteristic  reaction  upon  which  general  reliance  was 
placed,  in  dettTiiiining  whether  a  body  was  a  true  peptone  or  not, 
was  the  so-called  'biuret*  reaction,  i.e.  the  production  of  a  rose-red 
colour  with  a  minute  quantity  of  solution  of  copper  sulphate,  followed 
by  a  very  large  excess  of  sodium  or  potassium  hydrate. 

The  researches  of  Kuhne  have,  however,  revealed  the  fact  thai 
the  biuret  reaction  is  not  distinctive  of  the  true  peptones,  being 
shared  by  the  albunioses,  though  the  several  bodies  belong-ing  to  ibis 
class  do  not  exhibit  the  reaction  in  an  equally  distinct  manner,  the 
slightest  excess  of  copper  leading  in  the  case  of  hetero-albumose  to 
the  production  of  the  vinlet  colour  which  all  the  native  albumins  and 
their  compounds  exhibit^  and  which  masks  the  rose  colouration  at 
first  shewn.  Other  facts,  observed  chiefly  by  Kuline  and  Chitteudeu. 
have  demonstrated  that  Meissner's  a  and  >S  peptones  consisted  of 
albumoses. 

This  being  the  Ciise,  the  question  arises :  how  shall  we  distinguisli 
the  bodies  to  be  termed  true  peptones?  Although  the  distiuctioa 
which,  following  the  example  of  Kiihne  and  other  recent  writers  and 
investigators  on  this  subject,  we  shall  draw  may  be  considered  by 
some  iirbitrar}*,  yet  it  appears  convenient  and  c-orrect. 

It  has  been  found ^  that  ammonium  sulphate  added,  to  complete 
saturation,  to  Holutions  of  albuminous  substances  which  have  Wo 
fii-st  of  all  neutralised  and  then  rendered  very  faintly  acid  by  » 
trace  of  acetic  acid,  precipitates  all  proteids  including  the  several 
albumoses,  with  the  exception  merely  of  the  bodies  which  we  shftll 
designate  us  peptones,  which  are  left  in  solution. 

Some'  appear  tn  think  a  distinction,  based  upon  the  action  of » 
single  reagent,  artiticia!  and  unphiloaophical,  ai^d,  indeed,  were  this 
the  case,  it  would  be  impossible  to  defend  it.  But  as  a  miitter  of 
fact,  the  distinction  does  not  rest  upon  the  action  of  a  single  reagent 


*  J.  Wen/,  *  Ucbcr  das  Verhultcn  der  ElwciaaBtoffe  boi  der  DArmverdflDnog' 
Zritjtehr.  f.  /J/o/oi/rV,  Vol.  xxii.  (1886),  see  p.  10.  Heynsias  had  reoommesded  asi 
monitim  eulphhtd  ah  a  general  preciiiitant,  not  only  for  the  native  aLbaminfl  M^ 
their  detivativi'fl,  bat  for  prop«ptoDu  and  pc^ptone.     It  would  appear  ftom  TVens'i  o^ 

iMrvations,  however,  that  Heynftius  can  only  havo  eiperimentctt  with  albTimoa«>  »M 
'not  with  true  peptonee,  as  the  latt«r  were  fouud  not  to  be  precipitated  by  the  anuso- 
niac&l  sflltfl. 

•  Hammarsten,  Lehrbvch  d.  pfiynoloffi$ch.  Chemif, 
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It  is  found  that  the  proteid  matters  which  remain  after  precipita- 
tloQ  with  ammonium  sulphate,  and  to  which  it  is  now  proposed  to 
restrict  the  term  peptones,  differ  from  all  other  bodies,  even  from  the 
DusD  closely  related  of  the  albumoses,  by  the  must  important  pro- 
pert)'  which  they  present,  of  being  able  to  diffuse  with  much  greater 
readinew  through  membranes,  and  especially  througii  animal  mem- 
branes. This  property  is  obviously  of  the  highest  importance  from  a 
physiological  stand-point,  but  it  is  no  less  so  from  a  physical  and 
chemical  point  of  view,  for  it  establishes,  as  we  have  already  pointed 
out.  the  fact  that  the  true  peptones  are  bodies  which  differ  fi^m 
proteids  in  general,  and  from  the  albumoses  in  ptirticular,  in  possess- 
ing fi  smaller  molecular  weight: — that  they  are  ce^iiuly  products  of^ 
(iecouiposition.  and  that  whether  it  be  tiue  or  false  |hal  the  changeft 
bruught  ab*)ut  by  the  digestive  enzymes  are  of  the  nature  of  hydro- 
litic  decompositions,  they  are  certainly  of  the  nature  of  decomposi- 
liona,  under  the  iuHuence  of  which  the  giant  molecules  of  the  proteids 
w  resolved  into  molecules  so  much  smaller  that  they  are  able  to  Hud 
their  way  through  the  interstices  nf  the  tissues,  and  be  absorbed.  The 
>ve  considerations  warrant  us,  thou,  in  establishing  a  distinction 
Iweeo  peptones  and  those  bodies  which  {K>6.sess  many  points  of 
resemblance  to  them. 

It  now  remains  for  us  to  consider  the  special  facts  with  which  we 
acquainted  relating  to  the  mixed  peptones  which  result  from  the 
action  of  gastric  juice,  as  well  as  to  refer  to  tlie  history,  so  far  aa  it  is 
known  to  us,  of  the  individual  peptones.  To  the  mixed  peptones, 
bemipeptone  and  antipeptone,  Ivuhne  and  Cbittenden'  applied  the 
^veaieut  term  ampkO'peptofUi,  which  designates  its  dual  character, 
lifjring  slightly  the  original  scheme  suggested  by  Kuhne"  the 
luctiuu  of  ampho-peptone  by  the  action  of  gastric  juice  upon 
jiroteids  is  shewn  as  follows  : 

Proteid 
+  Pepsin  +  acid  at  40"  C. 


Auti-albumose 


Hemi-albumase 


Anti-peptone         Anti-peptone         Hemi-peptone         Uemi-peptono 
Ampho-peptone 


*  Kahnf,  '  Weilere  MiUbeiluuKuu,'  Ac.  p.  9. 

*  "We  luive  dealguaUtl  ub  ampho-pepione  the  eud  product  of  the  digestion  of 
"bamiu  by  pepsin  and  licid."  *  IVptone,'  by  W.  Kilhoe  nnd  H.  H.  Chittenden.  StudUn 
t«  (Af  Lo|iorali;ry  of  Phy»ical  Chtint^try  of  I'rt/i*  I'nivfrtity,  Vol.  u.  p.  15. 
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AMPHO-PEPTONES. 


[BfXiK  a 


Methods  of  Preparation  of  A mpho-peptone. 

It  appears  desirable  to  describe  in  the  first  insUiDce  the  methixl* 
which  have  beeu  employed  iu  preparing  the  mixed  peptoues,  h 
several  investigators  of  repute,  and  then  those  modificatioDS  VpUI  be 
pointed  out  in  them  which  the  progress  of  research  ha^  suggested 

Eeiifilnser'a  Heaniiiger'  haH  made  careful  researches  on  the  peptooA 

method  of  pre-    olttniiiwl   hy   the    jx'ptic   dijsestion   of  fibrin,  albnmin  awl 
pfcrta*  pep-         casein,  emt»loying  the  following  method  of  preparatioa. 
*°*'**'  Tlie  proteid  substance,  whose  peptone  was  required,  wii 

purified  na  completely  an  posHiblo  and  was  then  digested  with  five  times  iti 
weight  of  a  Boltition  containing  0'3  per  cent,  of  8ulj>huric  acid,  together 
with  pep»in,  the  temperature  ^>eing  maintained  at  about  44^0.  Aftff 
di^stion  hud  gone  on  fur  sornH  time  an  additional  quantity  of  dilute  uiil 
was  added,  and  tlie  dirreation  cuntimied  for  three  or  four  days,  after  which 
the  sulphuric  acid  which  the  Quid  cotitaiued  was  exactly  precipitated  with 
btiritim  liydrat^^  and  tho  filtriitc  from  barium  sulphate  was  concentrated  ID 
a  synipy  cousisteuce  on  a  wami  bath. 

The  syrupy  liquid  was  first  of  all  treated  with  alcohol  containing  mm 
water;  this  precifiitated  some  peptone  and  a  large  proportion  of  the  coloonug 
matter  present.  The  tluid  was  now  poured,  in  a  thin  stream,  into  ahsolut« 
alcohol,  when  the  jH^ptoue  was  precipitated*  it  was  redissolved  in  wstrr, 
and  again  treated  with  alooliol  containing  water,  and  lastly  with  absolnte 
alcohol,  by  which  it  was  thrown  down  free  from  colour.  The  solid  »•« 
then  extracted  with  ether. 

The  method  employed  by  this  o>>8erver,  in  prepnring 
peptones  of  egg-albumin',  appeai-s  to  possess  cunsideniblf 
merit 

The  wliites  of  50 — GO  hanlboiled  eggs  were  induced  to  a  fine  state  of 
division  and  then  digested,  during  24 — 30  hours,  in  a  solution  containing 
1  per  cent,  of  phosphoric  licid  ;  they  were  then  separated  from  this  solution 
and  extracted  with  hot  water,  the  object  being  to  get  rid  as  much  as  possible 
of  earthy  Halts  which  huH  l^efu  rendered  soluble  by  the  digestion  in  acid. 
The  egg-aJbumiii  was  then  i>laced  in  4  litres  of  a  solution  contaiuiiig 
0*65  per  cent,  of  H^PO^^  and  to  this  40  c.c.  of  a  clear  dialysoti  solution  "t 
pepsin  was  added ;  the  temperature  wjis  now  raisi'd  to  40"  C.  In  about 
five  hours,  the  whole  of  the  albumin  had  dissolved,  though  the  procetw  was 
continued  for  many  hours  more.  The  liquid  was  now  heated  on  a  saod- 
bath,  and  freshly  precipitated,  well-washed  PbCO^  was  added,  until  the 
clear  yellow  liquid  had  a.  perfectly  neutral  reaction  to  litmus  paper,  tod 
gave  no  longer  tlie  i-eactions  of  pliusphoric  ticid,  this  having  been  removed 
as  Pl\  (PO^)^.  The  solution  contained  a  small  quantity  of  lead,  but  so  little 
that  lUO  cc.  of  aqueous  solution  of  sulphuretted  hydrogen  suffioed  (o 
precipitate   it.     After   separating  the  lea/1   in  this  way,  the   liquid  wm 

*  Henningcr,  '  De  la  nature  et  da  r^le  phyaiologiqne  dee  peptones.'  Compu*  Bmdm 
<1878),  Vol.  Lxxxvi.  p.  1413  and  1464. 

'  Uertb,  "■  Ueber  die  chemischc  Natur  des  Peptons  uud  seine  VerhiUtniss  mm 
Eiweiss  (sue  dcro  Lab.  tou  Prof.  Maljr).'  HoppeSojlcr's  ZciUchri/t  f.  phy$,  Chtmif, 
Vol  X.  (1877).  p.  277. 
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Xilma  and 
rChlttMirten'a 
method  of  pre- 
parlzi^  Ampho- 
peptone    from 
Fibrini. 


[concentrated  on  the  water-bath,  precipitated  with,  and  afterwards  digested 

•in,  stroDg  alcohol,  itgain  disaotved  in  water  and  re-prccipitated  with  alcohol, 

the  process  l>eing  repeated  three  times  in  succession. 

L     Xilma  and  3800  grams   of   washed,   but   not   boiled,    fibrin   were 

rOklMenden's         digested  in  two  litres  of  ii  solution  of  hydrocJiloric  acid  coii- 

taiiiing  0'4  yter  cent  of  HCl»  witli  which  hud  btien  mixed  a 

puriried  pepsin  obtained  fwrn  1 220  grams  of  isolated  mucous 

membrane  of  the  fundus  of  the  Htomticha  of  two  pigs.     The 

mixtun*  was  allowed  to  remain  at  37" — 40*  C.   for  a  fort- 

j  night,  so  as  to  ensure  as  completely  as  possible  the  couversion  of  albumoses 

,  into  peptones.     At  the  end  of  that  time  filtered  portions  of  the  solution 

,  gave  only  slight  preci|>itate8  on  neutralisation,  but  a  heavy  precipitate  was 

obtained  with   ammonium  sujphate,  with  eodium   chloride,   with  sodium 

chloride  and  acetic  acid,  and  still  further  with  sodhini  chloride  and  nitric 

iacid  and  with  meta phosphoric  acid.  Nevertheless  the  filtrate  saturated 
with  ammonium  sulphate  contained  much  ]>eptone. 
In  order  to  sejmrate  and  purify  the  peptone  present  in  the  filtrate  the 
!  following  processes  were  carried  out  : — the  filtrate  was  neutralised  with 
sodium  hydrate,  filtered  tlirnugh  linen,  with  the  special  object  of  removing 
the  Lmijurities  of  the  fibrin,  the  filtrate  elightly  acidified  with  acetic  acid, 
ooncvntrat*Kl  to  about  4  litres,  precipitated  with  an  excess  of  ammonium 
sulphate,  filtered  and  pressed,  the  solution  boileil  with  barium  hydrate,  and 
finally  with  barium  carbonate  and  a  large  quantity  of  water,  until  ammonia 
could  no  longer  be  detected.  Tlie  barium  sulpbatu  was  then  removed  by 
filtration  through  linen  l)aga  which  were  repeatedly  washed  and  pressed, 
the  Bolntion  evapoi-ated  to  alx)ut  4 litres,  the  barium  peptone  decoutposeil 
with  a  very  slight  excess  of  sulphuric  aoid,  the  new  precipitate  of  barium 
sulphate  filtered  off,  the  solution  concentrated  to  2  litres,  the  pure  acid 
neutraliseil  with  ammonia  and,  after  cooling,  6  per  cent,  of  English 
sulphuric  acid,  previously  diluted,  was  ad<led.  The  Hulphuric  acid-poptone 
solution  was  then  precipitated  with  a  large  excess  of  phoapbo-tungstic  acid, 
the  precipitate  washed  first  with  6  per  cent,  sulphuric  acid  and  afterwards; 
with  a  large  quantity  of  water,  after  which  the  compound  was  decomposed 
by  means  of  excess  of  liarium  hydrate,  and  the  excess  completely  removed 
from  the  filtrate,  by  adding  sulphuric  acid.  The  peptone  solution,  thus 
obtained,  had  a  diatinctly  atnd  reaction  and,  strange  to  say,  contained 
hydrochloric  acid,  which  was  hardJy  to  be  exi>ected  aiter  the  very  careful 
washing  which  the  precipitate  had  received. 

The  solution  was  neutralised  with  aiumouia,  to  render  the  acid 
harmless  on  concentration.  Then  by  repeated  precipitation,  aud 
boiling,  with  alcohol,  some  peptone  was  obtained,  which  was  free 
from  ammonium  chloride. 

The  peptone,  prepared  in  this  way,  was  most  difficult  to  obtain  in 
a  dry  state,  though  it  was  ultimately  converted  into  a  fine  exceedingly 
hygroscopic  powder,  by  long  heating  in  vactto,  at  105*  C.  In  oi*der 
to  effect  the  drying,  the  alcohol  waa  first  displaced  by  boiling  with 
water.  j 


■  Kilhne  und  Chittenden,  '  Ceber  die  Peptone.*    ZtiUchrifi  /.  Bioiog.  Vol.  xxn, 
(1886),  p.  4*25. 
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However  different  the  proteids  which  are  etnplojed 
ill  their  prepai-ation,  peptones  all  possess,  esaentiidlj, 
the  same  physical  and  chemical  properties. 

Wheu  freshly  precipitcited  and  moist,  pure  peptones  are  whitt. 
resembling  freshly  precipitated  casein ;  if  the  yet  moist  mass  be 
heated  to  between  80**  and  90"  C,  it  has  a  tendency  to  melt  into  a 
fat-like  mass  which  solidifies  on  cooling  (Adamkiewicz  and  Hoff- 
mann). Dried  peptones  appear  an  brittle,  yellowish-white,  solids, 
sohiblt!  in  any  proportion  in  cold  or  hot  water,  and  from  their  great 
affinity  for  water,  highly  hygroscopic.  They  are  insoluble  in  ab- 
soliitti  alcohol,  in  ether,  chloroform,  and  hydrocarbons:  they  dissolve 
in  aqueous  alcohol,  according  to  the  amount  of  water  which  it  lvu- 
taiiis.  The  atjueous  solutions  of  peptones  have  a  neutral  reaction 
rotate  the  plane  of  polarization  to  the  left,  and  possess  a  liigliur 
diffusive  jx)wer  than  other  soluble  proteids;  to  this  character,  atten^ 
tion  will  again  be  directed. 

Non-predpi-  When  solutions  of  peptones  are  pure  they  are  n( 

tation  tiy  neat  precipitated  when  boiled,  nor  on  the  addition  of  any 
and  nitric  acid,  niineral  acid.  Adamkiewicz  has  asserted  that  thLi 
statement  is  not  true  of  very  strong  solutions  of  peptones,  which,  he 
says,  are  precipitated  by  heat  and  mineral  acids.  The  statement  ba«. 
not,  however,  been  confinned  by  the  very  careful  examination  bv 
Herth  of  albumin  peptone,  nor  does  it  agree  with  the  authors 
observations.  It  doubtless  rests  upon  the  fact  that  Adamkiewia 
worked  with  impure  peptones. 

MoQ-precipi-  '^'^^   most    characteristic   difference,   according   to 

tationbyacBtic  authors,  between  solutions  of  peptones  and  all  other 
add  and  ferro-  proteid  bodies,  is  fouud  in  the  difference  of  behavioui 
cyanide  of  to  acetic  acid  and  potassium  ferrocyanide.     Every  pro* 

potasaium.  ^^-j   body  in   solution,  with   the  single   exception  of 

peptones,  is  precipitated  if  acetic  acid  be  first  added  and  then  a 
solution  of  potassium  ferrocyanide. 

It  must  not  be  supposed  however  that  even  the  peptones  are 
wholly  unacted  upon  by  these  reagents,  for,  however  carefully  tbej 
may  have  been  purified^  it  is  found  that  the  addition  of  acetic  acio 
and  potaysiuni  ferrocyanide,  though  at  first  without  effect  in  the 
solution,  which  roniaina  perfectly  clear,  ultimately  causes  some  op- 
lesceuce  (KUhne  and  Chittenden) ;  this  is,  however,  very  different 
from  the  abuud:tnt  precipitation  occasioned  by  the  same  reagents 
with  other  proteiiis. 

Neutral  and  busic  lead  acetates  only  produce  turbidity  when 
added  to  solutions  of  peptones.  Solution  of  copper  sulphate  (5  p.c) 
does  not  affect  a  solution  of  ampho-peptonea.  Similarly,  acconiiuj^ 
to  Kiihue,  solutions  of  platinum  chloride,  chromic  acid,  and  fcrhc 
chloride  are  without  action  upon  them. 
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laifants  Peptones    are    precipitated    by   the   following   re- 

wtidj  prtdpl-    agents :— tannic  acid,  mercuric  chloride,  mercuric  and 

UMpeptooM.     mercurous  nitrates.  Millon's  reagent,  potassio-niercuric 

*ii  le,  and  especially  in  feebly  acid  solutions  by  phospho-molybdic 

jk'id  and  phospho-tungstic  acid.     These  two  reagents  furnish  us  with 

e  means  of  separating  peptones  and  have  of  late  been  much  em- 

yed  in  research. 

Fntparatum  of  pko»phxhtuiigatic  acid.     This  reagent,  which  is  of  special 

ao  m   the  search  fur  and   separatioQ  of  the   peptones,   is   prepared   a.s 

II0W8.     Commercial  tungstate  of  soda  ia  dissolved  in  boiJing  watf;r  ami 

pbosphoric  acid  added  to  tbu  Holution  until  the  mixture  exhibits  an  acid 

nsctiou.     It  \A  then  allowed  to  cool,  rendered  strongly  acid  with  hydi'o~ 

cliloric  acid,  and  filtered  after  standing  for  twenty-four  hoin*8  (Hupi>ert)'. 

Freparathri  0/  phospho^iiotifiidic.  acid.  This  reagent  is  mode  by  digest- 
ing moist  molybdic  trioxide  with  solution  of  phosphoric  acid.  With  a 
im&l]  quantity  of  the  acid  a  lemon-yellow  salt  insoluble  in  water  is  formed. 
With  a  larger  pro|>ortion  of  aciil,  the  yellow  salt  dissolvea  on  the  ap]>licatiori 
of  fattt,  yielding  a  colourless  liquid  which,  on  evaporation,  leaves  a 
teDaciona,  nou- crystal  line,  moas,  very  soluble  in  water  and  alcohol. 

The  action  of  Millon's  reagent  sei*ve8,  as  Kiihne  and  Chittenden 

Have  shewn,  to  distinguish  auipho-peptones  from  antipeptone  (as 

obuinod   by  the  action   of   trypsin   upon   fibrin).     When  added  to 

ttZttpho-peptouea  the  reagent  at  first  throws  down  an  abundant  white 

^^ecipitate  which,  on  being  wanned,  assumes  a  beautiful  red  colour. 

^^pith  antipeptone,  it  gives  a  white  precipitate,  changing  on  heating 

^^W  a  dirty  yellow  or  reddish  colour.     It  is  therefore  obvious,  that  the 

source  of  the  red  reaction  with  ampho-peptone  is  to  be  sought  for 

in  the  bemipeptone  which  fonas  a  moiety  uf  the  ainpho-peptone.    To 

thia  matter,  reference  will  again  be  mafle. 

Colour     Tt-  1.     Solutions  of  peptones  exhibit  when  boiled  with 

*«iioii»  of  tha    Millon*s  solution  the  characteristic  proteid  reaction. 
P^ptoiiM.  2.    Their  most  marked  reaction   is   the   so-called 

turet   reaction*.     It  is  obtained  by  adding  to  a  HoluLiun  of  peptone, 
drop  or  two  of  a  weak  solution  of  copper  sulphate,  ami  then  a  large 
^«ce88  of  sodium  or  potassium  hydrate,  when  a  fine,  more  or  less  deep, 
^BMe  colour  is  obtained,  with  no  violet  tint.    If  the  quantity  of  copper 
^Blded  is  in  excess,  then  a  violet  colour  is  produced. 
^^    As  has  already  been  stated,  the  biuret  reaction  is  common  to 
^Ibumoses  as  well  as  peptones,  though  not  given  with  equal  intensity 
^yall. 

Peptones  also  exhibit  the  other  colour  reactions  of  solutions  of  the  pro- 
viz.  the   xantho-proteic  reaction  and  the  so-called  *  Adanikiewicz's 


'«  Reaction.     Any  solution  of  a  proteid  or  of  a  peptone 
treated  first  of  all  with  glacial  acetic  acid  and  then  with  concentrated 

*  Qool^d  by  ▼.  JibokBoh,  '  Clinical  Diagnoflis,*  p.  219. 

'  So-oallod  becanse  it  in  also  obtained  in  a  rery  ctiaraot«ri8tic  maaaer  with  biuret, 
C^,N|0„  a  body  obtained  by  the  action  of  heat  on  area. 
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coagulation  of 
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sulphuric  acid,  a<;c|uires  a  l>eautiful  violet  colour,  becomes  vreatly  fln 
and  exhibits  in  solutions,  of  suitable  concentration,  au  absorption  t 
characterized    by  a  band,  tjimilar  to  that  of   Urobilin,  situated 
Fruuenhofer'a  lines  6  and  F.  , 

Taste    of  the  While  the  native  albumias  and  true  albnn 

peptonn.  free  from  any  definite  taste,  peptones,  for  the  ni 

are  characterised  by  an  intensely  bitter  taste,  which  is  pari 
obvious  in  milk  which  has  been  subjected  to  the  action  of  pre 
ferments,  even  for  a  short  time.  It  is  most  probable  that,  as 
8»iggested,  the  bitter  taste  does  not  belong  to  the  peptones  th« 
but  to  bye  products  accompanying  them,  a  surmise  which  i: 
proved  by  the  fact  that  peptones  may  be  obtained  which 
from  the  peculiar  bitter  taste,  and  that  a  secret  method  ex 
ployed  on  a  manufacturing  scale  (communicated  confidential! 
author)  whereby  tbe  bitter  taste  of  gastric  peptones  may  be 
destroyed  without  appirently  otherwise  affecting  them  in  ai 
oiable  manner. 

It  was  shcNvn  by  the  observations  of  9 
Mulheim^  and  of  Fano'  that  when  a  solutio 
Witte's  or  Griibler's  commercial  peptones  was 
into  the  blood-vessehi  of  dogs,  in  the  propo 
0*3  grams  of  the  commercial  peptone  per  kih 
body  weight  of  the  animal  experimented  upon,  the  blood 
power  of  coagulating  for  a  period  of  some  hours. 

Pollitzer*,  working  under  Kiihne's  direction,  shewed  howe 
neither  pure  aiupho-peptones,  nor  antipeptone  resulting  from  d 
with  trypsin,  possessed  any  decided  power  of  influencing  th< 
lati<^)n  of  the  blood,  such  action  being  due  to  bodies  belongin 
albiimose  class,  wliich  were  present  in  large  quantities  i 
witli  ;inipho-|ie|)tone  in  the  commercial  peptones  of  Witte  ei 
by  Sehniidt-Miilheim  and  by  Fano. 

It  has  been  stated,  that  ampho-peptone  gi^ 
MiDou's  reagent  a  very  brilliant  red  colour,  whi 
peptone,  when  boiled  witli  the  same  reagent,  f 
a  yellow  precipitate,  at  most  tinged  with  red. 
Slillon's  reaction  fur  protcids  corresponds  wit 
mana*s  test  for  tyrosin^  and  since  its  pnxlucti 
proteids  probably  depends  upon  the  formation  of 
Kuhne  and  Chittenden  surmised  that  the  i 
products  of  ampho-peptone  might  be  different  from  those 
peptnut;.  In  accordance  with  this  Hurmise,  they  found  tht 
hours'  digestion,  in  a  small  tube,  of  1  gramme  of  ampho-pe] 
10  c.c.  of  water  containing  0*25  per  cent,   of  Na,COg  with 

'  Bohmtdt-MUlbeim,  '  Zur  KenntnisB  den  Peptons  und  seiner  phyfttolog.  B« 
Anhiv  f.  Anat.  u.  Phyt.  PhyB.  Abth.  1880,  §  33—56. 

3  Fano,  'DaH  Verhalten  des  Peptoofi  uuU  Tryptous  gegen  Blut  und  Lympb 
/.  Anat,  u.  Ph]is.  Phyn.  Abth.  1881.  §  277—297. 

'  PolliUer,  S.,  *0u  lliti  Physiological  Action  of  Peptones  and  Albamoiiea.* 
Phi/niohgy,  Vol.  vii.  p.  283. 
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ol  and  and   a  fragment  of  purified   fcr^-psin,  were  sufficient  to 

ect  the  cleavage  of  the  peptone.     On  concentrating  the  neutralised 

ilution,  and  boiling  the  residue  with  alcoho!,  a  residue  was  obtained, 

inwliich,  without  further  preparation,  balls  of  leucin  and  bundles  of 

■crystals  of  tyrosin  were  to  be  seen  uuder  the  microscope.     From  the 

products  of  such  digesti(»n,  it  wais  easy  to  separate  tyrosin  in  a  state  of 

lurity.     Further,  a  few  grams  of  the  same  preparation  were  heate<l 

r  several  days  with  six  times  their  weight  of  sulphuric  acid  (2  parts 

d  and  3  of  water)  and  after   reraovitig   the   acid  with   barium 

ydrate.  tyrosin  and   leucin  were  found   among  the  decomposition 

prtxlucts. 

From  antipeptone,  subjected  to  the  action  of  acid,  on  the  other 
band,  whilst  leucin  was  constantly^  tyrosin  was  only  occa.sionally 
obtained,  and,  then,  in  such  traces  as  to  be  referable  to  accidental 
impurity  of  the  antipeptone  used. 

It  is  impossible,  by  any  process  as  yet  known  to 
us,  to  prepaje  from  ampho-poptone,  or  from  its  antece- 
dents, a  perfectly  pure  hemipeptoue,  uncoutaminated 
by  antipeptone.  On  the  other  hand,  in  consequence 
of  the  destnictibility  of  hemipeptone  on  digestion  with 
tiypsin,  antipeptone  {tryptone)  can  be  obtfiined  from  ampho-[»eptone 
UDcon laminated  by  hemipeptone.  A  fuller  description  of  antipep- 
tone will  be  given  under  the  pancreatic  enzymes. 

DtmisibUity  Funke*    pointed    out    that    peptones    in    aqueous 

flfiimpep-  solution  pass  through  filter  paper,  antl  diffuse  through 
^^  animal  membranes  and  through  parchment-paper,  with 

much  greater  facility  than  other  proteids.  The  considerable  diffusi- 
bility  through  thin  animal  membranes  is  undoubted,  and  contrrusts 
^th  that  of  other  proteids;  through  good  parchment-paper,  though 
the  diffusion  of  peptones  is  much  greater  than  that  of  other  proteids, 
it  ia  absolutely  very  small,  so  that  dialysis  is  employed  with  great 
advantage  in  freeing  Solutions  of  peptones  from  soJts,  but  not  to 
separate  peptones  from  other  colloidal  bodies,  as,  for  instance,  from 
pepsin.  The  very  sparing  diffusibility  of  peptones  through  parch- 
ttieut-paper  wa.s  Hryt  drawn  attention  to  by  v.  Wittich'',  and  after- 
wards conBrmed  by  Maly.  Herth,  and  many  others. 


fteptntloa  of 
pnreHtmlpep- 
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Cheinicul  Compoidtion  of  tlie  Peptones, 
The  researches  of  Maly\   Herth*   and    Henninger",  established 


*  Fonk«,  Lthrbueh  d.  PhyrioL,  Vol.  i.  6  Anfl.  p.  lOH. 

*  T.  Wittioh,  '  Ueber  die  riffupibiliuit  der  Peptone.'  Bert.  ktin.  Worhen»cbr{ft, 
W72,  N.  37,  Abstracted  m  Muly's  Jahri-Mfwrirht,  Vol.  ii.  p.  lU.  See  also  Hermann's 
HaiwibttoA.  Bd.  V.  3.  Th.  S.  29fi. 

'  M«lj,  *  Uebcr  rlie  cbemische  ZaaaiomeosetzaDg  and  physiologische  Bedeutong 
fe  Peptone.'     Prtug^r's  Archir,  Vol,  ix.  (1874),  p.  58fi. 

'  Berth.  *  Ueber  die  chemiiiche  Natur  dee  PeplooB  uud  win  Verbaltnias  zum 
^»aiB.'  (Am  dem  Lab.  v.  Prof.  Maly.)  Hoppe-Sevler's  ZeiUehrift,  Vol.  i.  (1877), 
p.  277. 

'  Heuninger,  Dt  Iti  mature  ft  d»  rnJe  phif^tologique  dt*  p«ptonea.    rftnat\Sn^. 
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that  peptones  do  not,  on  ultimate  organic  analysis,  differ  in  composi- 
tion from  the  proteids  which  have  yielded  them,  any  ditferenttss 
which  exist  in  chemical  composition  falling  within  the  liinite  of 
experimental  error. 

The  following  tahle  exhibits  the  results  of  ultimate  orguiie 
analyses  of  iibrin  and  Hbriu  peptone^  and  of  egg-albumin  and 
egg-albumin  peptone. 


Fibrin. 

Fibrin -peptone. 

Albumia, 

Album  in -peptone. 

1. 

2. 

1. 

a. 

Moly. 

Mftly. 
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Hennin^. 
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The  observations  of  Maly  and  of  Herth  seem  also  to  shew  that 
the  peptone  produced  during  the  di^estiou  of  fihrin  ur  of  albumin  ii, 
in  so  far  an  ultimate  analysis  can  determine  the  matter,  one  body; 
analyses  of  successively  precipitated  fractions  giving  identical  resulti 

It  must,  however,  be  borne  in  mind  that,  in  the  case  of  bodies  of 
so  large  molecular  weight  as  the  proteids  and  the  peptones,  identity 
in  the  results  of  their  analysis  is  not  sufficient  to  prove  absolute 
identity  in  composition. 

Divergent  Kiihnfi  and  Chittenden  have  made  a  large  nimiber 

results  obtAin-  of  analyses  of  various  samples  of  ampho-peptone,  as 
ta  by  Kiihn*  wt-ll  a.s  of  antipeptune,  but  the  results  were  marked  by 
andCWttenden.  ^^  renmrkahle  and  suspicious  departure  from  uniformity. 
So  great  are  the  discrepancies  that  it  is  impossible  to  conceive  that 
the  substances  designated  by  the  same  name  were  the  same. 

It  appears  to  the  author  that  in  their  attempts  to  purify  and 
completely  dry  the  peptones,  these  eminent  investigators,  adopted 
methods  which,  in  all  pmbability,  profoundly  modified  the  unstable 
substances  subjected  to  them.  The  decomposition  of  the  barium  and 
phospho-tungstic  acid  compounds  with  sulphuric  acid,  and  the  heroic 
methods  employed  to  dry  tbe  bodies  submitted  to  analysis,  could 
scarcely  be  expected  ultimately  to  furnish  products  of  which  tho 
analyses  would  be  concordant  among  themselves,  or  which  would 
exhibit  any  definite  relationiahip  with  the  mother  substances  from 
which  they  had  been  prepared. 

Subjoine<l  are  the  means  of  a  large  number  of  analyses  of  three 
samples  of  ampho-peptone,  A,  B,  b,  as  well  as  the  means  of  many 
analyses  of  autipeptones. 
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The  following  table  exhibits  the  percentage  composition  of  the 
niioug  samples  of  peptones,  calculated  on  the  ash-free  substance. 
The  ash  found,  consisted  in  every  case  of  calcium,  a  little  sodium, 
potaseiam,  traces  of  barium  and  iron,  carbonic  acid,  phosphoric  acid 
and  Bolphuric  acid,  and  its  amount  is  placed  at  the  foot  of  the  columns. 
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RELATIONS  OF  PEPTONTS  TO  PROTKIDS.      [bOo! 

The   Relations  of  Peptones  to  the  Proteids  Jrom  which  tliey  an 

derived. 

The  facts,  firstly,  that  peptones  have  approxiiuately  the  sai 
conip<)sition  as  the  proteids  which  give  rise  to  them  ;  secondly,  tl 
peptones  are  reconverted  iu  the  organism  with  the  greatest  rei 
ness  into  other  albumiiious  bodies,  render  it  well-nigh  certain  th&l^ 
the  change  which  the  prot^id  molecule  undergoes  in  passing  from 
the  condition  of  a  native  albumin  to  that  of  a  peptone  ia  but  a  very 
slight  one.  It  has  been  surmised  (Hoppe-Seyler*)  that  peptones 
are  hydration  products  of  their  respective  proteids,  which  are  thei 
anhydrides.  Tliis  view  is  borne  out  by  the  fact  that  peptone 
may  be  produced  not  only  by  the  action  of  the  enzymes  of  tl 
alimentar}'  canal  (which  by  analogy  with  the  action  of  ptyalin  ad 
diastase  on  starch  are  undoubtedly  hydrolytic),  but  by  other  hyi' 
lytic  agencies,  as  by  the  action  of  superheated  water,  or  steam,  ai 
by  the  prolonged  action  of  dilute  acids  and  alkalies,  and  of  putrefac- 
tion. In  this  case,  as  in  many  others,  the  hydration  product  Ic 
characterized  l>y  a  greater  facility  of  entering  into  combination  with 
acids  and  bases. 

The  view  that  poptonea  are  products  of  hydration  i«  supported  by 
two  following  seta  of  experimental  facts. 

1.  Henninger  heated  10  parts  of  fibrin-peptone  with  25  parts  ol 
acetic  anhydride  acid  for  an  hour;  the  acid  was  distilled  off  and  the  rebidue 
was  tieatfd  with  hot  water,  which  dissolved  a  great  part.  The  waten* 
solution  was  dialysed,  when  there  remained  in  tlie  diaJyser,  a  solution 
which  coagulated  nn  lioilin;,'.  on  the  addition  of  nitric  acid,  and  when 
treated  with  ])otaHsiun)  ferro cyanide. 

2.  Henninger  and  Hofnieister'  have  by  merely  heating  peptone  to  HO" 
obtained  a  body  which  when  dissolved  in  water  possessed  the  character* 
of  a  mitive  albumin  rather  than  of  a  peptone. 

Whether  the  change  which  an  albuminous  body  undergoes  in 
being  converted  into  a  peptone  is  accompanied  by  hydration  or  not, 
there  can  be  little  if  any  doubt  that  it  is  a  change  in  which  a  com- 
plex molecule  is  broken  up  into  smaller  molecules,  and  this  surmise 
is  supported  by  the  greater  ditiusibility  of  peptones  as  compared  with 
proteid& 


The    Action    of    the    GjVstric    Juice    upon    the    so-call 
"  Album[Noid  "   Bodies. 


There  is  a  group  of  bodies,  which  have  been  described  in  con- 
nexion with  the  chemistry  of  the  tissues  of  the  animal  body,  which 

>  Phyttiologiiche  Chemie,  p.  337. 

*  ZeiUchrijt  J,  phyiiol.  CAcnu,  Bd.  ii.  (1878—79)  8.  200.  See  also  Pekelhiuiug. 
Pflilger's  Arch.,  Bd.  xxn.  <1880),  S.  185,  and  xxri.  (18S1),  S.  515;  GricsamaTer.  See 
Malj'8  Her.,  uv.  (1884).  S.  36. 
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iTe  a  close  genetic  relationship  to  the  albuminous  bodies  proper, 
id  which  are.  therefore,  often  referred  to  as  albuminoid  bodies ; 
lese  are  collagen  and  gelatin,  chondrin  (?),  mucin,  elastin,  keratin. 
h  have  now  to  examine  the  action  of  peptic  digestion  upon  these 
odiea. 


^P  1.     Digestion    of  Collageji   and   Qehitin, 

By  the  action  of  pepsin  and  dilute  hydrochloiic  acid,  collagen 
IB  in  connective  tissue  and  in  bone)  is  converted  into  gelatin  more 
apidly  than  is  the  case  when  it  is  merely  subjected  to  the  action 
{  dilute  acids.  Gelatin  is  ucted  upon  by  pepeiu  and  hydrochloric 
dd.  It  slowly  loses  the  property  of  separating  from  its  solutions 
n  the  form  of  a  jelly,  and  its  specific  laevo-rotatory  power  slightly 
liminishes*. 

According  to  £tzinger*  the  artificial  digestion  must  he  continued  for 
Whoiira  in  order  to  deprive  gelatin  of  the  i)roi>erty  of  gelatinizing. 

UffeltnauD',  however,  observed  that  in  the  stomach  of  a  boy  with  gastric 
iBtolK  gelatin  was  so  altered  in  the  course  of  an  hour  as  to  be  deprived  of 
ihe  power  of  gelatinizing,  whilst  he  found  that  with  artificial  gastric  juice 
ligestion  had  to  l>e  continued  for  from  18  to  24  hours  to  produce  the  same 

A»  the  ultimate  product  of  the  action  of  pepsin  and  hydrochloric 
)aili  on  gelatin,  there  is  produced  a  gelatin-peptone,  or  perhaps 
^latin-peptones,  which  have  yet  to  be  subjected  to  thorough  in- 
|irestigatio[i.  According  to  Tatarinoff,  gelatin-peptone  has  an  acid 
rtftCtiOQ,  decomposes  carbonates,  and  forms  compounds  with  the 
mline  earths,  which  have  an  alkaline  reaction.  Its  solutions  are 
iaid  uot  to  differ  materially  in  their  chemical  reactions  from  solutions 
|afgelatiD\ 


2,     Digeaiion  of  Choiidrigen  and  Chondrin^ 

Chondrigen  and  chondrin  are  dissolved  and  digested  somewhat 
Dore  slowly  than  collagen  and  gelatin,  with  the  formation  first  of 
tcid-albumiu,  and  then  of  peptone,  in  addition  to  a  body  which 
^uoes  cupric  oxide  in  alkaline  solution^ 

*  J.  de  Bary.  •  Untensachnngen  iiber  Lcimstoffe.'  Hoppe-Scylor'B  Unt^tuchungen^ 
Wl  L  (laeC),  p.  75. 

* 'Euiiiger,  *Deber  die  Verdanlichkett  der  leimgebenden  Gewebe.'  Zeiuehr.  f. 
SW.,  Vol.  X.  p.  84. 

*  DfleimanD,  *  Unt«rauchungen  Ein  einem  gastrototnirtea  fiebemden  Knab«n.' 
ifthvj.  kUn.  MetL,  Vol.  xx.  p.  535. 

*  TilariaofT.  '  Zur  Kenntniss  der  Olutinverdaaung.'  Centratblatt  f.  d.  aud.  WUten- 
<*^il877.  No.  16).     MoIy'B  Jahreaberichi,  Vol.  vii.  p.  277. 

n§  infonnatioD  la^en  under  this  ht»d  is  obtamed  eutirely  from  UoppC'Seyler, 
^^noioff.  Chemte,  p.  234. 

*  8e«  Vol.  ].  p.  270,  '  Products  of  BecoznpoAi iion  of  Chondria.' 
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3.  Digestion  of  Mttcin. 

We  possess  few  observations  on  the  digestion  of  Mucin. 

By  prolonged  boiling  of  a  feebly  alkaline  solution  of  mucin,  EicbwUu 
obtained  a  body  which  he  denominated  mucin-pepton^^  which  pomenod 
essentially  the  characters  of  the  |>ej)tuneH  of  the  albuminous  substtAoeB 
proper. 

According  to  Kuhne  and  SchifF  it  is  not  attacked  by  the  con- 
stituents of  the  gastric  juice.  It  would  nevertheless  appear  probable 
that  by  the  prolonged  action  of  pepsin  and  hydrochloric  acid,  mucin 
undergoes  some  decomposition.  The  subject  requires  investigating 
anew. 

4.  Digestion  of  Elastin, 

Etzinger^  shewed  that  elastin  when  subjected  to  digestion  for 
several  days  with  pepsin  and  hydnichloric  acid  is  dissolved.  The 
Author  finds  that  the  solution  of  elastiu,  purified  as  perfectly  as 
possible,  is  complete. 

Horbaczewski*  and  Morochowetz*  studied  the  products  obtained 
by  the  action  of  artificial   gastric  juice  upon   elastin,  the  former 
observer    extending    hia    observations    by   studying   the   action  o^ 
human  gastric  juice,  the  product   of  a  gastiic   fistula,  upon  that^ 
.substance. 

Horbaczewski  described  two  products  of  the  action  of  artificial 
gastric  juice  upon  elastin,  to  which  he  gave  the  name  of  hemi* 
elastin  and  elastin-peptone. 

Chittenden  and  Hart*  have  made  a  still  more  elaborate  investi- 
gation which  has  led  them  to  the  conclusion  that,  under  the  in- 
fluence of  pepsin  and  hydrochloric  acid,  there  are  formed  two 
bodies,  both  belonging  to  the  class  of  albumoses.  and  not  to  that  of 
true  peptones,  inasmuch  as  they  are  precipitable  by  ammonium 
sulphate.  To  tho  first  uf  these  bodies,  which  corresponds  to  Hor- 
baczewski's  hemi-elastin,  they  give  the  name  proto-elastose ;  this 
body  is  precipitated  by  NaCI.  To  the  second,  corresponding  to 
Horbaczewski's  elastin-peptone,  they  assign  the  name  deutero- 
elastose.     Both  these  bodies  exhibit  the  biuret  reaction. 

The  ultimate  analyses  of  proto-elastijse  do  not  ditfer  materially 
from  those  of  the  elastin  which  yielded  it.  On  the  other  hand,  the 
results  of  the  analyses  of  elastin  and  deutero-elastose  are  not  so 
concordant.  These  analyses  do  not,  however,  throw  any  special 
light  upon  the  relations  between  the  bodies. 

'  Etzinger,  loc.  cif. 

'  Horbaczewski,  *  Ucb«r  das  Vcrb&lteii  des  ElnstioB  bei  der  PepainTcrdaunng.' 
ZeilKhrift  f.  phy$iol,  Chemif,  Vol.  vi.  p.  330. 

■  Morochowctr,  '  VerdauunK&gewtze.'     Maly'a  Jnhrrgberieht  (1886),  p.  271. 

*  R.  H.  Chitt«udec  and  A.  S.  Hart,  '  Elastiu  uud  Elatttofien.*  Zeit§chriftf.  Biotog., 
Vol.  ixv.  (1889),  p.  868. 
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5.   Action  of  Pepsin  and  Hi/droMoric  Acid  on  Keratin  and 

Chitin. 

The  keratin-  and  chitin-yielding  structures  are  not  attacked  by 
pepeJD  and  bydrochlorio  acid. 


6.     Action  of  Pepsin  and  Hydrochloric  Acid  on  Oxy~ 
haemoglohiiu 

Oxy-haemoglobin  is  rapidly  decomposed  by  natural  or  artificial 
gastric  juice,  with  the  formation,  on  the  one  hand^  of  albumoses 
Md  peptone,  and  on  the  other  of  haematin  which  undergoes  no 
fiirther  decompositIon\ 


Sicr.  11.    The   MtLK-CaRDLiXG  Enzyme  (or   Rennet-Enzyme) 
OF  THE  Stomach. 

(Syn.  Hetiniii,  Lea,  Foster.     Chymosiny  Deschamps.) 

It  Las  long  been  known  that  the  mucous  membrane  of  tbo 
fourth  or  true  stomach  of  the  calf  possesses  the  property  of  curdliug 
nulk,  and  various  preparations  of  this  mucous  membrane  have,  under 
the  name  of  '  rennet,'  been  employed  to  coagulate  casein  in  the 
nuuufacture  of  cheese.  It  has  also  long  been  known  that  the 
^tric  juice,  when  added  to  milk,  curdles  it ;  this  action  has  been 
ascribed,  by  some,  to  the  pepsin,  and,  by  others,  with  greater  justice, 
to  the  free  acid  which  it  containfi. 

It  was,  however,  shewn,  first  of  all  by  Heiutz',  that  the  mucous 
Jttenibrane  of  the  stomach  possesses  the  property  of  curdling  milk 
when  the  reaction  is  neutral,  and  even  alkaline.  The  recent  re 
tearches  of  Hammarsten'  have  demonstrated  that  the  railk-curdling 
property  depends  upon  the  presence  of  an  enzyme  of  which  the 
zymogen  is  present  in  the  gastric  mucous  membrane. 


'  Hoppe-Seyler,  Phij*iolo0.  ChemU,  p.  233. 

'  W.  Heintx.  *  Ueber  die  Urssche  der  Coaffal&tion  des  Milcheaseinn  durch  Lab  und 
tber  die  sogenjumle  anipbotere  Beaction.'  Jourtu  /.  prakt.  Ckemit,  Neue  Folge, 
VoL  n.  p.  874. 

'  Hamnaarsleu.  *  Uebtir  die  MUchgoriunung  und  die  dabei  wirkenden  Fermente  der 
KigMuohleimhaut.'  Moly's  Jahrfubericht,  Vol.  ii.  (IH72},  p.  118.  *Uebcr  den  che- 
niH^MD  Verlauf  bei  der  Oerinnuog  dtis  CaReins  mit  Lab.'  Maly's  Jnhresberiehtt  Vol. 
IT.  (1874),  p.  13o.  '  Zur  Kenntnias  dr^fl  Caseins  und  der  Wirkung  deH  LabfermeDts,' 
Dpila.  18T7,  and  Maly's  Jahrettberichu  Vol.  vti.  (1877),  p.  158.  The  articles  in  Maly'a 
JdmtlKrieht  are  by  Hammarsteti  himwlf,  and  give  a  %'er)'  full  account  of  the  original 
Svediih  papers.     The  third  paper  was  publiaheci  in  exten«o  in  German. 
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ThQ  mllk- 
eardllnK  fer- 
meat  a  coU' 
Bt&nt  in^edl- 
«ut  of  Human 
Oastiic  Juice. 


ID 


atrophy 


One  of  the  most  interesting  facts  connected  with 
the  composition  of  the  gastric  juice  of  man,  and  which 
deserves  to  be  brought  into  much  greater  promineuw 
than  has  been  usual,  is  that  in  the  adult  human  subject 
in  a  state  of  health  the  rennet  ferment  is  never  abseot 
in  the  physiological  condition.  It  is  only  in  canoei, 
of    the    mucous    membrane   of    the   stomach,   and  in 


chronic  gastric  catarrh,  that  it  has  been  found  absent. 


Tbft  mlllc- 
eurdlliif  en- 
xyme  or  Its 
>yinoff«&  re- 
■Ide  In  tlie 
Cutrlc  mu- 
oous  mem- 
brane of  cer- 
tain antmali. 


The  mucous  membrane  of  the  stomach  of  the  calf 
and  of  the  sheep  always  contains  ready-formed  milk- 
curdling  ferment,  which  can  be  extracted  from  it  by 
the  action  of  water  and  other  solvents  to  be  men- 
tioned  hereafter ;  most  frequently  none  can  be  ex- 
tracted by  water  from  the  mucous  membrane  of  the 
stomach  of  other  mammals  or  of  birds,  and  it  is 
scarcely  ever  present  in  that  of  fishes. 


Although  the  free  ferment  removeable  by  water  is  rarely  found, 
Haramarsten  has  shewn  that  the  ffostrtc  mucoits  menibrafie  of  all 
animulii  in  vjhich  it  has  been  investigated,  withmit  exception,  conLaim 
a  hodij  which  is  not  the  viilk-cwrdUng  fervient,  but  its  zyvwgeii:  from 
this  the  milk-curdling  ferment  is  quickly  liberated  on  the  addition  of 
an  acid. 


Distribu- 
tion of  the 
mllk-curd- 
Ung  BUxTma 
tn  the  mucona 
membrane  of 
tbe  stomach. 


Haramarsten  has  found  that  the  mucous  membrane 
of  the  fundus  is  very  much  richer  in  the  milk-cuxdling 
ferment  and  its  zymogen  than  that  of  the  pylorus.  So 
far  as  experiments  have  been  made,  variations  in  the 
amount  of  rennet  ferment  (including  rennet-zymogen), 
in  the  gastric  mucous  membrane,  run  parallel  with 
variations  in  the  amount  of  pepsin  (including  pepsinogen).  Probably 
rennet-zymogen,  like  pepsinogen,  takes  its  origin  in  the  granules  of 
the  chief  cells. 


Mode  of  pre- 
pailnff  an  ac- 
tlTe  solution  of 
the  ferment 
and  of  obeerv- 
Ing  its  action. 


Although  the  mucous  membrane  of  the  stomach  of 
the  calf  and  of  the  sheep  always  yields  to  water  having 
a  neutral  reaction  a  sufficient  quantity  of  milk-curdliug 
ferment  to  demonstrate  its  peculiar  properties,  much 
more  powerfully-acting  solutions  are  obtained  by  the 
aid  of  dilute  acids,  as  follows : — The  mucous  membrane 
of  the  stomach,  preferably  of  a  calf,  is  digested  for  24  hours,  at  ordi- 
nary temperatures,  in  150 — 200  c.c,  of  very  dilute  hydrochloric 
acid,  containing  from  0*1  to  0'2  per  cent,  of  HCl.  The  liquid  is 
then  filtered  and  carefully  neutralized.  Twenty-five  c.c.  of  frei?h  milk 
are  then  heated  to  38"  C,  and  treated  with  1  c.c.  of  the  neutralize*! 
liquid.  Curdling  is  induced  within  a  period  of  two  minutes  ;  this 
occurs  even  if  the  milk  have  been  rendered  faintly  alkaline  by  caustic 
soda ;   the   alkaline   reaction   persists   after   curdling.     A   glycerin- 


CHAP.  IL] 


THE  MILK-CUUDLING   ENZYME. 


149 


Tbe  milk- 
cnrdllng  fer- 
iD«at  sepaia- 
tdd  Crom  p«i>* 


extract  of  the  stomach  of  the  calf  may  be  used,  as  Hammarsten  first 
shewed,  instead  of  the  solution  prepared  as  stated  above;   such  a 

flycerin-ejttract  can  be  preserved  permanently,  and  is  very  active, 
Irlenmeyer*  has  shewn  that  a  saturated  atjueous  sohition  of  salicylic 
acid  extracts  the  milk-curdling  ferment,  very  perfectly,  from  the 
stomach  of  the  calf;  from  this  solution,  the  ferment,  mixed  with  other 
matters,  can  be  precipitated  by  alcoliol.  The  precipitate  thus  obtained 
13  si>luble.  in  great  part,  iu  water,  and  the  solution  is  active. 

Hammarsten  separated  the  ferment  free  from  pepsin 
by  the  fractional  precipitation  of  a  solution  containing 
both  enzymes,  with  lead  acetate.     He  first  prepared  a 
HCl  infusion  of  the  gaatric  mucous  membrane  by  the 
■"^  aid  of  dilute  HCl,  and  this  iufuaiuu  he  neutralised  by 

repeatedly  shaking  it  with  magnesium  carbonate ;  he  then  added,  to 
the  neutralised  solution,  enough  lead  acet.ate  to  precipitate  the  whole 
of  the  pepsin  as  completely  as  possible,  so  that  when  the  filtrate 
was  acidulated  and  digested  for  24  hours  with  a  tlake  of  fibrin 
it  was  not  perceptibly  dissolved.  To  the  lii]uid  from  which  pepsin 
had  been  precipitated  there  was  added  more  acetate  of  lead  and  a 
little  solution  of  ammonia.  The  precipitate  thus  obtained  was  de- 
composed with  highly  diluted  sulphuric  acid  Thus  the  milk-curdling 
ferment  which  had  been  precipitated  by  the  second  addition  of  lead 
acetate  was  set  free.  From  the  acid  solution,  the  ferment  was 
obtained,  by  a  modification  of  the  cholesterin-process  employed  by 
Brlicke  for  the  separatism  of  pepsin. 

A  solution  of  the  pure  milk-curdling  ferment,  pre- 
pared as  described  above,  possesses  the  following  reac- 
tions:— it  does  not  give  the  xautho-proteic  reaction;  it 
is  not  coagulated  by  heat ;  it  is  not  precipitated  by 
alcohol,  nitric  acid,  tannin,  iodine,  nor  by  sugar  of  liiaJ, 
but  by  basic  lead  acetate. 

The  milk-cui'dling  ferment  is  not  diifusible  ;  it  does  not  pass 
through  porous  earthenware  unless  the  pressure  be  very  high. 

1,  Alcohol  slowly  destroys  the  activity  of  the  fer- 
ment, the  rapidity  of  the  action  being  influenced  by  the 
quantity  of  alcohol. 

2.  Fixed  caustic  alkalies  have  a  powerfully  destruc- 
tive actioa  If  a  solution  rich  in  ferment  contains  as 
much  caustic  soda  as  corresponds  to  0025  per  cent,  of 

Na,0,  it  loses  its  activity  entirely  within  24  hours  at  a  temperature 
oflo— IV^C. 

3.     Rennet  ferment  is  also  destroyed  by  0*5  to  1  per  cent,  of 


Chax&oten 
of  solatlons 
or  the  pure  (7) 
mlUt -curdlizig 
Aniyme. 


Various 
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Since   rennet-zymogen   is   much    less   readily  destroyed, 


^^m  Erlemneyer,  *  DarstcUuDg  der  ODgcfomiton    FermcDte.*      Communicated  to  the 
m^.  of  Sciences  of  MuDicb  in  1875  and  abstracted  in  Maly^a  Jahretbcrieht,  Vol.  v 
p.  267. 

«  L&aeley,  Journal  of  Phytiology,  Vol.  ni.  (1882),  p.  259. 
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ued,  and  also  its  power  of  coagulating  casein.  Assuming  all  the  dis- 
red  substance  to  consist  of  pure  ferment,  it  would  curdle  from 
0,000  to  800,000  times  its  weight  of  casein. 

The  relative  activity  of  solutions  of  milk-curdling  ferment  of 
known  strength  is  determined  by  observing,  caeteris  yarihus,  the 
ative  rapidity  with  which  they  induce  the  curdling  of  milk. 

The  nature  of  the  process  which  goes  on  in  the  curdling  of  milk 
jer  the  influence  of  the  milk-curdling  ferment  will  be  treated  of 
length  under  Milk. 


CT.  12.     Assumed  Existence  of  a  Lactic  Acid  Ferment  in 
THE  Stomach. 

llammarsten  made  the  observation  that  pure  solutions  of  the 

Ik-curdling  ferment,  jupt  as  pure  solutions  of  pepsin,  exert  no  action 
milk-sugar  or  on  proteid  solutions  containing  milk-sugar,  whilst 
itric  mucus  or  the  neutralized  infusion  of  atomacb  possess  the  pro- 
rtyof  engendering  the  lactic  acid  fermentation.  Pepsin  and  milk- 
rdliug  ferment  can  be  destroyed  by  the  action  of  dilute  solutions  of 
utic  Boda,  and  the  liquid  thus  freed  from  these  two  ferments  still 
neeses  the  power  of  converting  milk-sugar  into  lactic  acid.  Ham- 
ireten  thence  conceives  that  there  exists  in  the  mucous  membrane 
^  stomach  a  third  lactic-acid-forming  ferment.  It  appears  to 
nuthor  that  before  assuming  the  presence  of  an  unformed  fer- 
Sit  exerting  this  action,  the  presence  of  iactic-acid-generating 
cr^oiganisms  would  have  to  be  more  particularly  disproved. 


pSBCT. 

^bvinfir 


13.    The  Process  of  Dige-stion  in  the  Living 
SToaucH. 


I 


hving  now  studied  the  chemical  composition  of  the  gastric  juice, 
character  of  its  separate  constituents,  and  the  action  which  they 
rt  upon  the  particular  class  of  proximate  principles  which  are 
sd  upon  in  the  stomach,  it  remains  to  consider  the  actual  process 
ligestioQ  as  it  occurs  in  the  living  organ,  and  in  doing  so  we  shall 
brought  face  to  face  with  certain  questions  which  have  not  been 
ruBsed  in  the  preceding  sections.  Altbougli  experiments  on  artifi- 
digestion  teach  us  the  nature  of  the  process  which  occurs  iu  the 
uacb,  we  cannot  pretend  that  such  experiments  will  furnish  us 
1  data  which  will  apply  exactl}'  to  the  stomach,  for  in  this  organ 
have  conditions  which  are  very  different  from  those  which  exist 
tiro.  In  the  stomach,  we  have  no  ordinary  receptacle,  into  which 
ficial  gastric  juice  is  poured,  so  as  to  be  mixed  with  food,  but 
gceptacle  kept  constantly  at  a  temperature  must  favourable  to 
wtioD,  provided  with  arrangements  which  enable  it  continually  to 
r  i\A  capacity  according  to  the  mass  which  it  coatains,  which  it 
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graspfi,  and  kneads  and  rotates — a  perfectly  contrived  arraoL' 
for  continually  mixing  the  food  to  be  dissolved  with  tJie  solvent 
The  stomach  is  a  receptacle,  t«j(),  in  which  absorption  is  con' 
going  on,  of  water  holding  certain  substancea  in  solution,  and  &> 
of  the  pepsin  and  acid  needed  to  cany  on  the  digestive  process;  i 
receptacle  from  which  at  a  cert-ain  period  of  digestion,  the  mnrt 
finely  subdivided  matter  is  gradually  drained  away,  through  the 
pyloric  orifice,  leaving  the  grosser  masses  to  be  further  subjected  ut 
the  combined  inBuence  of  mechanical  movements  and  the  solvent 
action  of  gastric  juice. 


Oeneral  Sketch  of  Digestion  in  the  Living  Stomach, 

When  food  is  introduced  into  the  living  stomjvch,  the  mucous 
membrane  whicli  was  previously  pallid  becomes  injected:  dropleta  of 
liquid  commence  to  exude  from  the  open  mouths  of  the  gastric  glandi, 
and  uniting,  form  a  stream  of  gastric  juice.  At  the  same  time  the 
organ  contracts  around  the  mass  which  it  contains,  and  complex 
muvementB  occur  vphich  canae  "  not  only  a  constant  disturbance  or 
churning  of  the  contents  of  the  organ,  but  compel  them,  at  the  same 
timCj  to  revolve  around  the  interior  from  point  to  point  and  from  one 
extremity  to  the  otherV"  In  order  to  form  a  proper  conception  of  the 
stomach  during  digestion  we  must  not  think  of  it  as  a  flaccid  sac  of 
definite  form,  such  as  it  appears  after  death,  but  as  varying  in  sise 
and  also  in  shape  as  its  walls  grasp  tiglitly  the  mass  which  it  COD- 
taios,  and  as  waves  of  contraction  slowly  pass  over  it,  forcing  the  maa 
round  and  round  in  various  planes. 

"When  food  6r8t  enters  the  stomach  the  movements  are  feeble  and 

slight,  but  as  digestion  poes  on  tbey  bt-come  more  and  more  vigorous, 
gi\niig  rise  to  u  sort  of  duiming  within  the  stomach,  the  food  travelling 
from  the  cardiac  orifice  along  the  greater  curvature  to  the  pylorus  und 
returning  by  the  ]esH<»r  curvature,  wliile  nt  tlie  same  time  snbsidiaij 
currents  tend  to  caiTy  tlte  food  which  hiis  been  passing  close  to  the  mucoos 
membrane  towards  the  middle  of  the  Htomtich.  and  vice  versa'." 

"While  these  revolutions  of  the  content**  of  the  stomach  are  progi-essing, 
the  tritunitioa  or  agitation  is  also  going  on.  There  is  a  ]>erfect  admixtarv 
of  the  whole  ingeata,  during  the  period  of  alimentHtion  and  chymificatioti. 
There  is  nothing  of  the  distinct  lines  of  8e|>Hiation  between  old  and  Q0* 
food,  and  ()eculiar  central  or  peripheral  situation  of  crude,  as  distingimbcd 
from  chymitied  aliment,  said  to  liave  been  obser\'ed  by  Philip,  Mageiidia, 
and  others  in  their  exiH'riinents  on  dogs  and  rabbits,  to  be  seen  in  the 
hutnau  stomach;  at  least  in  that  of  the  subject  nf  thejie  experiments.  The 
whole  contents  of  the  stomach,  unti]  ohymitication  be  nearly  completei 
exhibit  a  heterogeneous  mass  of  solids  and  Huids-  hard  and  soft;  coatm 
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1  Beaumont,    ExperimenU   and  Qb$frvati<iH»    on    the   Gattric  Jutct. 
Edition,  1838.  p.  101. 

*  Foster.  Pky$iology,  3rd  ed.  (1879).  p.  270. 
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ftnd  fine;  crude  and  cbymified;  all  intimately  mixed,  and  circulating  pro- 
miscuously through  the  gastric  cavity,  like  the  mixed  coutents  of  a  cloaed 

vessel,  gently  agitated  or  turned  in  the  hand." **  Aa  the  food 

becomes  more  and  more  changed  from  its  crude  to  its  chwuified  state^  the 
acidity  of  the  gastric  fluids  is  considerably  increased,  and  the  general  con- 
tractile force  of  the  muscles  of  the  stomach  is  augmented  in  every  direction; 
giving  the  contained  fluids  an  impulse  townrds  the  pylorus  It  is  probable 
that  from  the  very  commencement  of  chyinification — from  the  time  that 
food  is  received  into  the  stomach  until  that  organ  becomes  empty — portions 
of  chyme  are  constantly  j)as8ing  into  the  duodenum  through  the  pyloric 
orifice,  aa  the  mass  is  presented  at  each  successive  revolution.  I  infer  this 
from  the  fact  that  the  volume  is  constantly  decreasing.  This  decrease  of 
volume,  however,  is  slow  at  first ;  but  is  rapidly  acceferated  towards  the 
conclusion  of  digestion,  when  the  whole  mass  becomes  more  or  less 
chymified.     This  accelerated  expulsion  appears  to  be  effected  by  a  peculiar 

action  of  the  transverse  muscles,  or  rathur  of  the  transverse  band 

situated  near  the  commencement  of  the  more  conical  shaped  part  of  the 
pyloric  extremity,  three  or  four  inches  from  the  smaller  end.  In  at- 
tempting to  pass  a  long  glass  thermometer  tube  through  the  aperture 
into  the  pyloric  portion  of  the  stomach,  during  the  latter  stages  ot  diges- 
tion, a  forcible  contraction  is  tii-st  perceived  at  this  point,  and  the  bulb 
is  stopped.  In  a  short  time,  there  is  a  gentle  relaxation,  when  the  bulb 
paasea  without  difficulty,  and  appears  to  be  druwu,  quite  forcibly,  for  tliree 
or  four  inches,  towards  the  pyloric  end.  It  is  then  released,  and  forced 
bock,  or  Buflered  to  rise  again  ;  at  the  same  time  giving  to  the  tube  a 
circular,  or  rather  spiral  motion,  and  frequently  revolving  it  completely  over. 
Tbe&c  motions  are  distinctly  iudicated,  and  strongly  felt,  in  holding  the 
end  of  the  tube  between  the  thumb  and  finger;  and  it  requires  a  pretty 
forcible  grasp  to  prevent  it  from  ftli]iping  from  the  hand,  aud  being  drawn 
suddenly  down  to  the  pyloric  extremity.  When  the  tube  is  left  to  its 
own  dii-ection,  at  these  periods  of  contraction,  it  is  drawn  in,  nearly  it6 
whole  length,  to  the  depth  of  ten  inches  :  and  when  drawn  back,  requires 
considerable  force,  and  gives  to  the  fingers  the  sensation  of  a  strong  gn^^ttotv- 

power,  like  drawing  the  jduton  from   an  exhausted  tube These 

peculiar  motions  and  contractions  continue  until  the  stomach  is  perfectly 
empty  and  not  a  particle  of  the  food  or  chyme  remains;  when  all  becomes 

quiescent  again Thepeculiar  contractions  and  relaxations,  mentioned 

above,  succeed  each  other,  at  regular  intervals  of  from  two  to  four  or 
five  minutes.  Simultaneously  with  the  contractions  there  is  a  general 
shortening  of  the  fibres  of  the  stomach.     This  organ  contracts  upon  itself 

in  every  direction ;  and  its  contents  are  compressed  with  much  force 

During  the  intervals  of  relaxation,  the  inigae  perform  their  vermicular 

actions,  the  undulatory  motions  of  the  fluids  continue,  and  the  aUmoritary 
and  chymous  masses  appear,  revolving  as  before,  promiscuously  mixed, 
through  the  splenic  and  cardiac  portiona^'^ 

In  quoting  verbatim  considerable  portions  of  Dr  Beaumont's  vivid 
and  unique  observationH  on  his  patient,  St  Martin,  the  Author  does 
•0  because  the  description  gives  some  idea  of  the  intensity  of  the 


Beaumont,  Op,  eit.,  p.  103  et  $eq. 
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mechanical  movements  which  aid  the  chemical  action  of  the  g&stne 
juice  so  efficiently  as  to  enable  the  stomach  to  effect  digestive  opera- 
tions which,  in  point  of  magnitude,  cannot  be  imitated  in  the  labora- 
tory-. 

The  term  Chyme  (xVfio^,  juice)  was  formerly  gene- 
rally applied  to  the  pulpy  semi-fluid  matter  resulting 
from  the   action   of  the   gastric  juice   on  the  miie^l 

aliments,  and  the  terra  Chymification  to  the  process  which  results 

in  the  formation  uf  chyme. 

Theatomach  Doubtless  when  much  fluid  is  introduced  into  the 

^  "**  ^  stoniach,  absorption  at  once  commences  iwitively.  Thi* 
much  irater,  ^^  proved  by  the  fact  (amongst  others)  that  almost 
and  of  diini-  instantly  the  sensation  of  thirst,  which  depends  primarily 
sinie  sTib-  upon  a  diminution  of  the  water  of  the  blood,  diminishes- 
■**acM.  ^j,  tjje  same  time,   tlie  absorption  of  some  diffusible 

substances  occurs,  as  is  proved  by  the  fact  that  a  few  minute& 
after  the  introduction  of  potassium  iodide  into  the  stomach,  th& 
salt  is  separated  by  the  kidneys  and  salivary  glands.  The  exteut  tcr 
which  the  process  of  absorption  proceeds  in  the  stomach  cannot,- 
however,  be  exactly  stated.  This  subject  will  be  more  fully  con- 
sidered in  the  sequel. 

There  is  an  interesting  observHtion,  which  has  i-epeatedly  been  made  in 
d()g8  with  gustric  tistultie,  which  proves  both  the  rapidity  with  which 
absorption  goes  on  and  the  fact  that  thh*st,  though  a  local  sensation,  is  yet 
bub  the  expression  of  the  general  want  of  the  system  for  water.  If  in  a 
dog  with  a  gaAtric  tistula,  the  cannula  be  allowed  to  remain  unplugged 
until  the  auinial  mauifests  decided  thirst,  then  on  water  being  given  to  it, 
the  animal  will  commence  drinking  and  will  continue  to  drink  indetinitely, 
the  water  running  out  through  the  cannula  as  fast  as  it  enters  the  stomadi. 
So  soon  however  as  the  cannula  ih  plugged,  the  animal  bebavea  as  normal 
animals  do,  and,  after  a  very  small  quantity  of  fluid  has  been  taken,  stops 
drinking;  in  a  small  fraction  of  a  minute  sufficient  absorption  of  water  has 
occurred  to  i-elieve  the  general  want  for  water,  of  which  the  sensation 
of  thirst  was  the  local  expression. 


The  constituents  which  are  chemically  acted  upon 
by  the  gastric  juice  in  the  stomach  are  firstly  the  pro- 
teida,  and  secondly  the  albutninuid  bodies,  collagen  and 
gelatin,  chondrigen  and  chondrin  (?). 

The  other  groups  of  organic  food  constituents,  viz. 
fats  and  carbohydrates,  are  very  slightly  acted  upon  by 
the  gastric  juice  itself;  in  considering  this  slight  action  of  the  gastric 
juice  we  shall  have  to  enquire  to  what  extent  the  amylolytic  action 
of  the  saliva  upon  the  aliinentary  starch  is  allowed  to  proceed  iu  the 
presence  of  the  acid  juices  of  the  stomach. 
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^b  Until  lately  the  majority  of  authorities  have  held  that  the  fatty 
^KcstitueDts  of  the  fu(><l  iiudergo  no  change  iu  the  stomach,  although 
^eir  subsequent  digestion  in  the  small  intestine  is  promoted  by  the 
•olution  of  the  walls  of  the  fat  cells  which  f)ccurs  in  the  stomach,  and 
thich  liberates  their  fatty  contents. 

It  was  stated  by  Dr  Marcet,  however,  that  a  certain  decom- 
position of  the  neutral  fats  takes  place  iu  the  stomach.  In  a  recent 
research  Cash'  has  found  that  when  dogs  are  fed  upon  perfectly 
neutral  fats,  fatty  acids  are  liberated  iu  small  quantities,  and 
that  when  the  mucous  membrane  of  the  stoniacli  is  digested  with 
neutral  tuts,  in  the  presence  of  dilute  hydrochloric  acid,  fatty  acids 
are  likewise  liberated.  The  setting  free  of  traces  of  fatty  acids,  if 
it  occurs,  will  aid  the  subsequent  emulsionizing  of  the  fata  by  the 
I     bile  and  pancreatic  juice. 

^V  The  Changes  which  Starch  undergoes  in  tJie  Stomach, 

In  discussing  the  changes  which  starch  undergoes  in  the  stomach, 
ffe  have  to  consider,  tirstly  whether  the  gastric  juice  possesses  by 
iteelf  any  action  upon  stjirch,  anil  secondly  t-o  what  extent  the  action 
of  the  saliva  upon  starch  continues  in  the  stomach. 

o^^y^^  The  saliva  of  many  animals,  e.g.  the  dog,  is  devoid 

lMtne]uic«  tjf  diastatic  properties.  If  a  dog  be  fed  upon  a  meal 
itoMposaew  of  boiled  starch  and  killed  during  digestion  whilst  the 
iVMtion  stomach  still  contains  food,  mere  traces  of  sugar  are 
wottftaroiiT  found,  but  the  contents  contain  both  soluble  starch  and 
€iytbrodextriu  (Brlicke*).     Unboiled  starch  ia  unacted  upon. 

The  contents  of  the  stomach  of  man  fed  upon  a 
•cUon'of i^lTa  *^^®*  containing  boiled  starch  always  contain  consider- 
ipon  th«  able  quantities  of  sugar,  and  the  question  arises.  Were 

•arohycon-  these  produced  by  the  momentary  action  of  saliva  upon 
*^J»nti  of  starch  during  mastication  and  deglutition,  or  did  the 
lathMtoM^fl  conversion  of  sugar  under  the  induence  of  saliva  con- 
tinue in  the  stomach  (  In  endeavouring  to  solve  this 
fjuestion,  we  have  to  bear  in  mind,  firstly,  that  diastatic  fennents  do 
Wert  their  action  upon  starch  in  a  fluid  of  feebly  acid  reaction,  but 
wcondly,  that  that  action  is  arrested  so  soon  as  the  reaction  becomes 
strongly  acid.  It  would  therefore  appear  most  likely  that  in  the 
early  stages  of  gastric  digestion,  before  the  admixture  with  gastric 
juice  is  complete  and  when  the  acidity  of  the  gastric  juice  is  com- 
paratively feeble,  the  diastatic  action  of  the  saliva  proceeds  in  the 
stomach,  whereas  noon  after,  when  the  acid  reaction  has  attained  a 
certain  figure,  diastatic  action  diniinishes  or  even  ceases  altogether. 

■  >  Cwh,  Arehivf.  Anat.  v.  Physiohnie,  1880.  Pbyaiot.  Ahthril..  p.  323, 

■  *  finicke.  Sitzntiif»b<r.  d.  IViener  Acml.     3  Abth.     Vol.  Lxv.  {ItiTi.) 
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The  statements  of  various  authors  concerning  the  influence 
an  acid  reaction  upon  the  amylolytic  action  of  tlie  salivary  fermc 
differ  remarkably.  Thus  Brucke  asserts  that  in  a  solution 
raining  05  of  HCl  per  1000,  the  conversion  of  starch  into  sugar  gofjl 
on,  whilst  when  the  quantity  reaches  1  per  1000,  no  action  on  stan^ 
occui's\  Hammarsten  found  that  the  diastatic  action  ceased  wheu 
the  quantity"  of  hydrochloric  acid  amounted  to  from  0"05 — 0*25  per 
cent*  Langley'  observed  that  when  saliva  is  digested  with  HCl  of 
from  0*2  to  0*04'  per  cent,  for  times  varying  from  24  to  7  hours  the 
ferment  was  destroyed.  On  the  other  hand,  Richet*  asserts  that 
saliva  exerts  a  more  ]>owerful  action  on  starch  in  the  presence  of 
2  parts  per  1000  of  hydrochloric  acid,  than  when  the  reaction  is 
neutral  ur  feebly  alkaline,  and  Defreane  contends  that  diastatic  acdoD 
goes  on  unimpeded  by  the  gastric  juice. 

In  forming  an  opinion  concerning  the  important  question  a«  lo 
the  extent  of  starch  digestion,  and  its  duration  in  the  stomach,  we 
must  rely  cliietly  on  the  researches  of  Langley  and  of  Chitteudett, 
although  in  some  particulai'S  iheHC  observers  do  not  agi-ee. 

In  1881  Chittenden*  aouounced  that  the  ferment  of  saliva  was 
destroyed  on  being  warmed  for  two  hours  with  gastric  juice  contaia- 
ing  0*2  per  cent,  of  hydrochloric  acid,  and  even  that  much  smaller 
percentages  of  acid,  as  0025  per  cent,  diminished  the  diastatic  action 
of  the  ferment  very  materially. 

Laugley*  independently  pointed  out,  iu  a  study  on  the  dest^l^ 
tion   of   ferments  in  the  alimentary  canal,  that   weak    solutions  of 
the  salivary  ferment  were  destroyed  by  heating  at  40'' C.  with  00 
per  cent.  HCl. 

Chittenden  and  Griswold*.  although  finding  that  the  sahvi 
ferment  was  destroyed  by  very  small  quantities  of  free  acid,  arrivi 
at  the  curious  result  that  a  smaller  quantity  of  acid  increased 
diastatic  activity,  The  explanation  of  this  phenomenou  was  given 
by  Langley,  who  found  that  neutralised  saliva  converts  starch  into 
sugar  much  more  actively  than  unneutralised  saliva. 

Wiien  therefore  starch  mixed  with  saliva  enters  the  stomach, 
the  diastatic  action  will  proceed,  and  up  to  a  certain  point  may  go 
on  more  rapidly  than  with  saliva  which  has  not  been  neutraliaed. 
As  the  acid  reaction  becomes  strongly  developed  the  action  will,  how- 
ever, rapidly  slow  and  be  arrested. 


'  Briteke,  Vorlauurffn,  p.  280. 

■*  Hiimmarsten,  'Einwirkuae  von  Speichel  ftuf  Stdrke.'  Mflly*»  JaftrcuJif ricAl,  Vol* 
I.  p.  187. 

'  Langley.  •  On  the  Doetruotion  of  Fermente  in  the  Alimentary  Canal.'  Joitrna^ 
of  Phytiolo'jy,  Vol.  rii.  (1882),  p.  246. 

*  liicliet,  'Du  Suo  GftBtrique.'  Jottrn.  de  VAnat,  et  de  la  Phytiologit,  VoL  ll*' 
(1878).  p.  2S5. 

*  Chittenden  and  GriswoM,  Amfr.  Chfm,  Journ.,  Vol.  ni.  p.  303.  Soe  ChittendaD 
and  Smith,  *  The  diastatic  action  of  Saliva,  as  modified  by  Tarious  conditions,  studied 
qnantitativelr.'  Studiei  from  the.  Lab.  of  Phyn,  Chem.  of  YaU  ColUgt^  for  the  jesf 
1884—85.     New  Haven,  1885,  p.  1,  et  acq. 
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In  connection  with  the  neutralisation  of  saliva  by  acid  we  have 
to  consider  a  point,  concerning  which  there  is  a  disagreement  be- 
tieen  Langley  and  Chittenden.  It  had  been  shewn  by  Danilewsky' 
tbtt  various  proteids  combine  with  acids  and  alkalies,  or  with  one 
of  them,  and  Langley*  found  that  in  the  case  of  saliva,  because  of  the 
proteids  which  it  contains,  a  certain  amount  of  acid  may  be  added 
without  there  being  any  acid  free,  because  of  the  formation  of 
ttcid-proteid.  Now,  according  to  Langley,  the  acid-proteid  whicli  is 
formed  when  saliva  is  neutralised  with  acids  acts  prejudicially  on  the 
diastfttic  action  of  the  salivary  ferment,  whilst  according  to  Chit- 
tenden and  Smith',  the  influence  of  *acid-protoid  matter  *  seems  to 
itimulate  the  diastatic  action,  up  to  a  certain  point,  larger  quantities 
ultimately  slowing,  and  even  destroying,  the  ferment. 

Summarising,  then,  the  researches  to  which  we  have  alluded  we 
Uttj  safely  conclude  that  in  the  first  stage  of  gastric  digestion,  Le. 
for  a  period  up  to  about  half-au-hour,  the  conversion  of  boiled  starch 
into  dextrins  and  maltose  doubtless  proceeds  actively,  but  that  it 
then  ceases,  under  the  influence  of  aciu-proteida  and  free  acid. 

Closely  connected  with  the  question  just  discussed  is 
one  to  which  we  have  incidentally  referred,  viz.  whether 
the  diastatic  ferment  is  destroyed  or  not  in  the  stomach. 
Upon  this  matter,  also,  the  earlier  statements  of  authors 
differed  very  greatly.  Thus  it  was  said  by  Cohnheim* 
that  the  diastatic  ferment  is  not  destroyed  when  submitted  to  arti- 
ficial digestion  with  pepsin  and  hydrochloric  acid  for  many  hours,  for 
on  neutralising  the  liquid  it  was  found  to  possess  diastatic  powers. 
Schift*"  made  the  same  statement;  and  more  recently  Defresnc"  has 
repeated  it.  Roberts',  on  the  other  hand,  asserted  that  the  diastatic 
power  of  the  saliva  is  quickly  and  permanently  abolished  both  by 
an  artificial  digestive  fluid  and  by  filtered  gastric  juice  obtained 
from  the  human  stomach.  On  this  subject  we  refer  to  the  more 
recent  experiments  of  Chittenden  and  of  Langley,  already  referred 
to,  as  furnishing  us  with  the  most  valuable  and  reliable  information, 
and  as  proving  conclusively  the  ultimate  destruction  of  diastatic 
ferment  in  the  stomach. 

Changes  in  the  Acidity  of  the  Contents  of  tlie  Stovutch  during 

Digestion, 

It  has  been  already  said  that  the  acidity  of  the  contents  of  the 
fitomach  increases  as  digestion  proceeds,  and  attention  must  now  be 

'  Danilewskj,  Centralhlatt  f.  tL  med.  WinfetiMcha/t,  1880,  quoted  by  LaoKloy, 
'  J.  K.  IjAngley  and  F.  Eves.  *  On  certain  coaditions  which  influcnoe  the  amylo* 
lytic  fcctiou  of  Baliva.'    Jourmil  of  Phytioto'fy,  Vul.  iv.  p.  18. 
'  Chittenden  and  Smith,  loc.  cit, 

*  Cohuheiui,  '  Zuz  Keuutniae  der  zuokerbildenden  Fermente/  Virchow's  Archive 
Vol  iXTin.  ^186.H),  p.  248. 

'  Schifl^  Ltrt^ju  tur  la  Digettiorit  Vol.  i.  p.  162. 

*  De&eane,  '  Etudes  oomparfttifs  sar  la  ptyaline  et  la  diastase.*  Compifn  ijrnt/iw, 
^oL  uxxrx.  p.  1070. 

'  Boberto,  On  the  Digettive  Fenitcntt,  ijtc.     London  and  Manchester,  1880,  p.  5$. 
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directed  to  variations  which  occur-  simultaneously  in  the  nature  of 
the  free  acid. 


Richet'fl  ob- 
BerratloQB  on 
tbe  ftcldlty  of 
tlie  contents  of 
the  itomachf 


I 


It  has  been  shewn,  in  a  previous  section,  that 
acid  reactioD  of  the  gastric  juice  is  due  to  the  preseDce 
of  freo  hydrochloric  acid,  though  Richet  maiataius,  of 
hydrochloric  acid  in  combination  with  au  amido-acid, 
such  as  leucine.  V,  den  Velden'  asserts  that  in  the  fim 
stages  of  digestion  in  the  human  stomach  no  free  hydrochloric  add 
can  be  detected  until  three-(|UJirters  of  an  hour  after  a  full  meal  sucli 
as  dinner. 

It  must  be  remembered,  however,  that  the  proteids  which  are 
present  in  the  gastric  juice  interfere  very  materially  with  the  coloar 
reacliuuB  upon  which  relinuce  is  placed  in  asserting  the  presence  or 
absence  of  free  hydrochloric  acid.  We  shall  pro&bly  be  near  the 
trutli,  therefore,  in  asserting  that  at  least  twenty  minutes  or  half-an- 
hour,  and  occAsionally  forty  minutes,  mtist  elapse  before  the  stomicL 
contents  contain  an  appreciable  quantity  of  free  hydrochloric  acid. 

The  gastric  juice  behaves,  it  was  shewn,  when  shaken  with  ether, 
as  an  aqueous  solution  cuntaining  a  mineral  acid. 

The  pure  gastric  juice  of  man  has  an  acidity  which,  according 
to  Richet's  observations,  corresponds  to  1'3  parts  by  weight  of  HCl 
in  1000. 

AV^hen  digestion  is  proceeding,  however^  the  acidity  iocretses 
somewhat.  However  large  the  quantity  of  liquid  in  tne  stomach, 
it  is  found  to  have  an  acidity  which  on  an  average  (according  to 
Richet)  corresponds  to  T?  jmrts  of  HCl  per  1000,  though  it  mav, 
especially  at  the  ead  of  digestion,  exceed  this  figure  somewhat. 
After  the  ingestion  of  acids  or  of  alkalies,  the  normal  acidity  is  soon 
re-established. 

Richc:  t  has  found  that  the  acidity  of  the  contents  of  the  stomftcb 
in  the  advanced  stjiges  uf  digestion  no  longer  depends  solely  on  ft 
mineral  acid,  but  that  considerable  quantities  of  acids  soluble  in 
ether  are  present.  These  acids  are,  in  part,  produced  by  the  decom- 
position of  salts  of  organic  acids  present  in  the  ingested  food,  Ijut, 
according  to  Richet,  they  are,  in  no  smalt  degree,  due  to  acids  wbicb 
re-suit  from  acid  fermentations  which  occur  in  the  stomach.  Thus  in 
the  case  of  milk,  according  to  Richet,  there  is  set  up,  as  a  nonnil 
process,  an  acid  fermentation  which  leads  to  the  <ievelopment  of  large 
quantities  of  lactic  acid.  The  feebler  the  nonnal  acidity  of  the 
gastric  juice,  the  greater  the  cmantity  of  the  organic  acids  resulting 
from  fermentative  changes.  It  is  probable  that  the  acids  thus 
set  free  reinforce  the  normal  acid  and  cooperate  in  the  process 
of  digestion. 


'  Von  dec  Veldeu,  '  Zur  Lelire  ron  der  ^'irknng  dos  Mondspeichels  vm  3CBsa>' 
ZeiUchri/tf.  phys.  Cliemie,  Vol.  iii.  p.  205. 
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Duration  of  the  Digestive  Process  in  the  Stonuich, 

The  digestive  process  varies  in  duration  in  diifereat  aDimals,  aud 

the  sanie  animal  according  to  the  nature  of  the  food,  to  its  statej 

division  &c.      In  Alexis   St   Martin,   Dr   Beaumont   found   the 

tion  of  the  gastric  digestive  process  to  be  between  three  to  five 

urs,  and  Kichet  remarks,  as  the  result  of  his  observations  on   his 

patient  Marcelin,  that  the  digestive  process  does  not  appear  to  extend 

beyond  four  or  five  hours,  though  three  hours  represent  its  more 

usual  duration  ^ 

In  dogs  and  other  carnivorous  animals  which  are  in  the  habit  of 
'bolting'  large  masses  of  meat,  undigested  masses  are  occasionally 
fEnmd  in  the  stomach  eight  or  ten  hours  after  a  meal  and  often  longer. 
In  connection  with  this  question  we  have  to  consider  the  facts 
^  which  relate  to  the  manner  in  which  the  stomach  empties  itaelf. 
^K  According  to  eome  physiologists,  almost  from  the  earliest  mo- 
^Kenis  of  gusiric  digestion,  the  patulous  pyloric  orifice  allows  the  soft, 
■  already  chymified  portions  of  the  contents,  to  escape  into  the  duo- 
I  ikDum^  whiUt  the  yet  solid  contents,  not  being  able  to  escape,  are 
I  mechanically  retained  and  forced  to  revolve  and  revolve,  until,  under 
I  tjje  influence  of  fresh  juice,  of  the  heat,  of  the  mechanical  move- 
I  ment«  of  the  compressing  stomach,  they  themselves  break  down  into, 
I     and  form  part,  of  the  grumous  chymitied  mass. 

I         By  a  gradual  process,  then,  the  stomach,  according  to  this  view, 
grtdually  empties  itself 

The  author  is  not  disposed  to  believe  that  matters  proceed  pre- 
cistlv  in  this  manner,  but  rather  as  has  been  described  by  Richet  and 
by  ifuhne. 

According  to  Richet,  whilst  doubtless  the  softer  and  more  dif- 
fluent portion  of  the  gastric  contents  do,  little  by  little,  escape  from 
^bc  stomach  into  the  duodenum,  the  quantity  thus  escaping  is  in- 
significant, the  stomach  contents  remaining  essentially  undiminished 
•luring  the  average  digestive  period  of  three  hours,  at  the  conclusion 
of  which,  within  a  very  short  time,  the  whnle  of  the  contents  are 
emptied  into  the  duodenum. 

The   process,  according   to  Kuhne,  is  very  similar  in  the  dog, 
except  that  the  average  duration  of  gastric  digestion  is  five,  and  not 
^jhree,  hours.     During  these  five  hourSj  at  intei'vals  of  abuut    ten 
^B^utes,  the  stomach  expels  small  quantities  of  it8  contents  through 
^^6  pylorus ;  the  great  mass  remains,  however,  to  be  expelled,  almost 
Atone  time,  when  the  act  of  gastric  digestion  comes  to  an  end. 

'  The  reader  is  referred  to  a  very  interefiting  set  of  obaervatioDH,  on  the  duration  of 
Ibi  digestive  process  in  a   thoroughly  healthy  man  of   HO,   made  by  Jesaen.      The 
dtUKlion  of  the  digestive  process  wan  judged  of  by  the  8tomftch<pump.     100  gramme*  ' 
oijvr  beef  -f  1  gramme  of  salt  and  300  0.0.  of  water  were  digested  lu  3  hours.     If  the  ' 
Daat  were  thoroughly  boiled  or  roasted  (underdoDe)  the  lime  ocoupiod  in  digestion 
*M  Shears. 

^  o.c.  of  fresh  unboiled  cow's  milk  were  completely  digested  in  3^  hours,  but 
tbiiime  quantitT  of  boiled  oow's  milk  required  4  hours  {ZeiUehrift  fur  liiolagie.  Vol. 

miiew),  p.l«).  , 
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The  final  Products  of  Digestion  which  leave  th^  Stomach.     Tht 

Chynie. 

As  a  result  of  tbe  combined  influence  of  the  gastric  juice,  of  the 
movements  of  the  stomach,  and  of  the  high  temperature  of  the  organ, 
the  solid  aliraeutary  matters  are  reduced  to  a  pulpy  or  semi-fluiii 
condition,  and  it  is  in  this  state  that  they  escape  through  the 
pylorus  into  the  duodenum. 

During  the  digestive  process,  large  quantities  of  proteids  and  of 
albuminoid  bodies  have  been  converted  into  peptones,  of  which 
doubtless  a  part — though  we  have  no  data  on  the  subject — is  ab- 
sorbed by  the  gastric  mucous  membrane  as  soon  as  formed,  whilst 
a  part  is  held  in  solution  in  tbe  liquid  portion  of  the  cliume.  Asa 
result  of  tlie  action  of  the  acid  of  the  gastric  juice,  insoluble  mineml 
salts,  as  e.g.  bone-earth,  are  dissolved  and  doubtless  are  absorbed, 
as  are  also  soluble  salts,  sugar,  and  large  quantities  of  water. 

The  chyme  then  must  contain  chiefly  the  undigested  or  partially 
digested  fragments  of  food,  mixed  with  gastric  juice  holding  in  solu- 
tion products  of  digestion. 

Accordingly  we  observe  it  to  contain  fragments  of  muscle,  indi- 
vidual muscular  fibres,  splitting  into  fibrils,  but  especially  tending 
to  cleave  into  transverse  discs.  Tbe  fibrillar  connective  tissue  has, 
wholly  or  in  great  part,  disappeared,  but  yellow  elastic  tissue  is 
found  apparently  quite  intact;  the  same  remark  applies  to  cellulose 
and  to  the  epidermal  tissues  of  animals.  If  raw  staivh  has  beeu 
partaken  of,  the  chyme  is  sure  to  contain  unaltered  starch  grains. 

Lastly,  if  adipose  tissue  or  any  fat  was  contained  in  the  food, 
drops  of  liquid  fat  are  found  iu  the  chyme.  It  has  been  observed  by 
Richet  that  where  the  contents  of  the  stomach  contain  much  fat, 
this  appeai-s  to  be  retained  iu  the  stomach  until  all  other  matters 
have  been  expelled. 


Sectt.  14.    The  Nos-niGESTiON  of  the  Stomach  by  its  Juice. 

The  fact  that  the  delicate  mucous  membrane  of  the  living  stomach 
is  not  digested  by  the  gastric  juice  which  it  secretes  early  attract^ 
the  attention  of  observers, 

PoBt-mortem  John  Hunter*  was  the  first  to  draw  attention  to  tbe 
digertionoftiio  fact  that  when  animals  or  human  beings  are  killed 
■tomacii.  whilst  the  digestive  process  is  actively  proceeding,  it 

not  unfrequentiy  happens  that  large  portions  of  the  stomach  are 
softened  and  perforated.  The  gastric  juice,  then  escaping,  may  act 
upon  adjacent  organs,  partially  digesting  them,  as  in  a  case  which 
came  under  the  notice  of  the  Author,  and  in  which  a  part  of  the 

^  John  Hunter  *  OtMerv&tionfi  on  Certain  Parts  of  the  Animal  Eoonomy," 
1780,  and  Philotophieal  Tramactiom  fgr  1772. 
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leen  had  been  pretty  thoroughly  digested,  and  tlie  left  half  of 
diaphragm  had  been  perforated,  Tlie  process  proceeds  most 
ectly  when  the  external  euuditioua  are  such  that  the  body  cools 

wly ;   it  affects  particularly  the  fundus  of  the  stomach. 

Why  It  tbe  <Tohn  Hunter  attempted  to  explain  the  non-solution 

artm  ttomiLch    »^»f  the  living  stomach  by  the  gastric  juice  as  due  to  its 

aotdigeatedby    xiiaX    properties, — to    the   *  living    principle  ' — .   whirli 

jnicaT     exempted  it  from  an  action  which  dead  matter  could 

sist.     But  this  explanation,  bcHide^  being  ojten  to  the  objection 

0  principii,  is   disproved  by   the    fact  that   living  tissues 

er  certain  circumstances,  be  digested  by  the  stomach.     Thus 

Bernard  found  that  the  legs  of  a  living  fmg  which  had  been 

intrtxiuccd  through  a  fistula  into  the  interior  of  the  stomach  of  a  dog 

UDiierwent  digestion,  though  the  animal  was  alive. 

Claude    Bernard    explained    the    non-digestion    of    the    gastric 

raucous  membrane  as  due  to  its  epithelial  covering,  which  is  con- 

liniially  being  renewed,    whilst   Schitt"   believed   tbnt    tbe    layer   of 

mucus  which  covers  the  internal  surface  of  the  stomach  effectually 

pr)tects  it.     The  view  of  Claude  Bernard  is  disproved  by  the  fact 

l_jhat  in  cases  where  the  continuity  of  the  epithelial  covering  of  the 

Htauch  is  interrupted,  as  in  gastric  nicer,  digestion   of  the   parts 

■Wpiived  of  epithelium  does  not  occur.     Schiff's  view  is  probably  in 

[wrt  true.     Scientific  opinion  has,  however,  inclined  to  favour  the 

view  of  Dr  Pavy,  that  the  nun-digestion  of  the  living  stomach  is  con- 

Qected  with  the  circulfition  through  the  blood-vessels  of  the  mucous 

membrane,  of  alkaline  blood,  whence  there  is  continually  transuding 

lilkaline  plasma,  which  bathes  the  ultimate  anatomical  elemeuts  of 

the  tissues.     The  acid  gastric  juice  which  could  penetrate  to  these, 

its  acidity  removed,  is  naturally  rendered  inert.     This  view 

been  supportetl   by   the   fact   that   when   certain  of  the   arteries 

the  stomach  are  tied,  the  areas  supplied  by  them  are  liable  to 

perforation,  by  a  process  saiil  to  be  similar  to  that  of  post-mortem 

iigeation;   more  probably,  however,  perforation  depends  upon  a  ne- 

tic  process,  atfecting  the  anatomical  elements  of  the  part  concerned. 


ivrng 


The  Physiological  Action  of  Alhiimoses  and  Peptones. 

Allusion  has  already  been  made  to  the  observations 
of  Schmidt-Miilhcim  and  of  Fano  on  the  influence  of 
albumoses  in  checking  tlie  coagulation  of  the  blood. 
The  Comparative  action  of  albumoses  and  peptones  will 
now  be  considered.  In  a  series  of  researches  on  the 
re  and  physiological  action  of  the  products  of  the  digestion  of 
ids,  Schmidt-Miilheiiu'  amiounced  the  fact  that  when  peptones 


tlM  ObMT. 

*itlou      of 


'  iL.  Schmidt-Mulheim,  '  Zur  Kenntnias  des  Peptons  tmd  seiuer  pHfuoI.  Bedeti- 
(Aas  d.  phys.  AoHtalt  zu  Leipzig;).  Du  Bois  Keymond's  Archiv  /.  Anat.  u. 
itog.     rbya.  Abtboil.  1880,  p.  33. 
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are  injected  into  the  blood-vospels  of  living  dogs,  certain  reniarkabli' 
phennmena  are  observed,  the  most  important  of  which  are  first,  tb»t 
the  auimai  passes  iut^D  a  state  of  narcosis,  resembling  chloroform 
narcosis,  accompanied  by  a  great  fall  of  the  general  blood-pressure; 
second,  that  the  blood  drawn  from  the  blood-vessels  has  lost  iU 
power  of  spoiitaueous  coagulation.  The  material  employed  in  i\ 
researches  was  Witte's  '  Peptonum  siccum,'  a  conmiercial  preparatji 
which  Kuhne's  researches  have  since  shewn  to  be  cornp(^ed  4i 
mixture  of  albumoses. 

The  obser-  Fano  \  the  year  after  the  above  interesting  resi 

▼ations    of      were  made  known,  published   observations   which 
^*^o-  firmed  and  extended  those  of  Schmidt-Mulheira. 

He  found,  employing  essentially  the  same  preparation  as  Schmidt- 
Miillieim,  tliat,  as  a  rule,  in  dogs,  the  ctmgulation  of  blood  wM 
prevented  by  iujection  of  peptones  in  the  pntportiou  of  03  grm. 
for  each  kilo,  of  botly-weight.  Curiously,  he  discovered  that  when 
injected  into  the  blood-vessels  of  rabbits,  no  change  in  the  coagula- 
bility of  the  blood  occurred.  When  Fano  injected  tryptones.  it 
autipeptones  resulting  from  the  digestion  of  proteids  by  trypsin, 
the  blood  of  dogs,  no  change  in  the  coagulability  occurred. 

Fano  found  that  peptone-plasma  couhl  be  rendered  coagulabiebv 
dihiting  with  water  and  passing  CO^  through  it.  He  also  discovered 
that  the  lymph  of  animals  whose  bloo<l  has  been  rendered  uncoagu- 
lable  by  peptones,  is  also  uncoagulable. 


Tbe     olner- 

▼atlons  of  Pol 
Utnr. 


When  the  researches  nf  Kiihiic  and  Chittenden  had 
shewn  that  the  commercial  peptones,  which  had  fur- 
nished the  raw  mnteria!  with  which  Schmidt-Miilheiui 
and  Fano  had  worked,  consisted  in  great  part  of  albumoses,  it  becanj<? 
obviously  necessary  to  repeat  their  observations  with  albumoses  and 
with  peptones  prepared  by  the  light  of  recent  researches.  Accord- 
ingly, Dr  Pollitzer,  workiug  in  Kiihnes  laboratory,  undertook  tbe 
investigation.  He  found  that  both  albumoses  and  amphopeptoo^ 
are  possessed  of  active  physiological  properties,  inasmuch  as  both 
classes  of  bodies  induce  narcosis  in  dogs  and  cats,  which  is  much 
more  enduring  in  the  case  of  albumose>i,  probably  in  consequence 
of  peptones  being  more  readily  eliminated,  a  result  connecte<l,  doubt- 
less, with  their  much  greater  ditfusibility.  Whilst  a  sufficienth 
large  dose  of  any  of  the  albumoses  (somewhat  more  than  0'3  gnn- 
per  kilo,  of  body-weight)  is  inevitably  fatal,  peptone  never  productf* 
fatal  result  so  long  as  the  kidneys  of  the  animal  are  intact.  Schmidt- 
Miilheim  had  found  that  after  the  injection  of  his  preparations  there 
was  an  invariable  fall  of  blood-pressure,  and  Pollitzer  proved  tbdt 
this  result  follows  the  introduction  of  any  of  llu-  albumoses  or  pep- 
tones except  perhaps  antipeptone,  of  which  the  action  is  doubtftil- 


*  Fano,  '  Dfta  Verhalten  dee  PeplonB  iind  TrypUtnR  gei^ten  Blut  and  Lymphe.'   P" 
Boifl  Reymond'a  Archivj.  Anat.  u,  rhifs.     Phys.  Abtheil.  1881,  p.  277. 
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FoUitzer  fouad,  like  Fano,  that  autipeptone  is  without  action  on  the 
ro^uUtion  of  the  blood.  Albumoses  possess  au  action  which  i^ 
my  much  more  marked  and  constant  than  niuphopoptones. 

The  period  during  which  the  blood  reiiiaiim  uncnaguhited,  after 
the  introduction  into  the  circulation  of  an  albumose,  varies  between 
20  minutes  and  several  days. 

Hetero-albumoae,  in  PoUitzcrs  hands,  acted  most  uniformly,  for  in 
10  case  in  which  it  was  used  did  the  blood  clot  within  a  pi.'riod 
of  24  hours  after  injection.  Seven  injections  were  made  with 
amphopeptones.  In  three  the  bI(»od  clotted  normally ;  in  four  its 
coagulation  was  delayed  for  10,  20,  30  tutnutes  and  12  hours,  respec- 
lively.  Even  when  bIoo<l  is  mixed  with  solutionH  of  albumoses  after 
it  has  been  shed,  the  period  of  coagulation  is  usually  delayed,  sonie- 
nmes  very  markedly  so  *, 


Sect.  15.    The  Process  of  Gastric  Digestion  in  Disease. 

Before  brietiy  glancing  at  the  principal  changes  which  the  normal 
l^rocess  of  gastric  digestion  exhibits  in  patludogical  conditions  of  the 
(itgazdsm  as  a  whole,  and  in  local  atfectious  uf  the  stomach  itself,  it 
appears  de-sirable  to  discuss  the  interesting  question  how  far  gastric 
'lijfwtion  is  to  be  considered  prominent  (jr  essential  amongst  the 
phenomena  of  the  alimeutar}'  canal  and  of  the  urgauism. 

The  physician  is  so  constantly  brought  face  to  face  with  cases  in 
*liicb  a  mere  enfeeblement  of  the  functions  of  the  stomach  leads  to 
prominent  dUtress  and  profound  niahiutrition,  and  with  otliers  in 
ftliich  a  local  gastric  lesion  reduces  the  putient  to  a  state  in  which 
'ife  is  threatened,  and  often  lost,  that  the  results  of  experiments  per- 
formed upon  the  lower  animals,  and  now  to  be  described  and  coin- 
ed upon,  appear  little  short  of  inexplicable. 


Wi 


9lU  Vlf  il  of 
^  after  oom- 
U»u  remoT&l 
r  Uls  itomaclL 


The  experiments  of  Heidenhain  have  been  de- 
scribed, in  which  the  fundus  of  the  stomach,  or  its  pyloric 
portion,  were,  as  it  were,  eliminated  from  the  ali- 
mentary canal,  and,  it  was  pointed  out,  that  after  these 
experiments  the  animal  often  survived.  The  question 
*  to  whether  the  stomach,  as  a  whole,  might,  in  cases  of  cancer,  be 
etnoved  in  its  entirety,  consistently  with  the  life  of  the  patient, 
hcrefore  suggested  itself.  Accordingly  Czerny  and  his  pupils, 
^Aiaer  anil  Scriba,  carried  out  the  removal  of  the  entire  stomach 
of  dogs,  and  with  such  remarkable  success  that,  of  two  dogs  operated 
'*pon,  one  survived  the  operation  for  some  years,  regaining  perfect 
iplth,  increasing  indeed  very  greatly  in  weight,  and  ditfering  appa- 

'  i,  PolUtser,  '  On  the  Phyaiclogical  Actiou  of  Peptones  and  Albumoses.^  (From 
lierhysiolog.  liatitute,  Heidelberg.)  Journai  n/  Phyaiolofty,  Vol.  VIL  p.  283.  A  prc- 
'Uuo&ry  notioe  of  tlie  reeolte  anuaunced  in  tliu  paptir,  was  firbt  published  in  the 
l'<rW(/r.  J.  ^iaturhut.  Med.  Vereim  iu  JUulaliM-rg,  N.  I.  Bd.  m.  Uft.  iv. 
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rently  in  no  respect  from  a  normal  animal,  when  four  years  afta 
the  operation,  for  the  purpose  of  the  investigation,  it  was  killeri 

The  clog  referred  to  was  operated  upon  on  Dec.  22,  1876.  Aftfif 
the  operation,  the  animal  was  only  fed  on  small  quantities  ot'  milk 
and  powdered  meat,  but  after  two  months  it  ate  the  ordinary  iooA 
of  other  dogs.  Before  the  operation  the  dog  weighed  5850  groiK 
On  Jan.  22nd  its  weight  had  fallen  to  4490  gnns.,  but  it  increased 
afterwards,  so  that  on  Sept.  16th  it  weighed  7000  grms. 

"  In  Leipzig,  in  the  year  1882,  Ludwig  and  his  pupil  Ogata  vm 
engaged  in  investigating  the  Ftitictions  of  the  stomach.  It  occuircil 
to  them  that  it  would  be  interesting  to  learn  what  hati  beoime  ol 
Czerny's  dogs.  Lxidwig  wrote  to  Heidelberg,  to  Czemy,  who  an- 
swered by  sending  the  dog  in  a  perfectly  healthy  state  to  Leipzig 
It  waa  in  excgilent  spirits,  and  ate  all  kinds  of  fo*>d  with  a  keen 
appetite.  The  faeces  were  normal.  In  consetjuence  of  the  abundaiil 
food,  it  had  put  on  weight,  and  it  did  not  appear  to  differ  in  any  waj 
from  an  ordinary  dog.  With  Czerny's  consent,  the  dog  was  killed  ii 
the  spring  of  1882.  The  post-mnrtom  shewed  that  only  a  very  sraal 
portion  of  the  cardiac  end  of  the  stomach  reumiued,  and  this  wa 
dilated  into  a  small  cavity  filled  with  food.  The  dog  had  therefor 
lived  for  more  than  five  years  without  a  stiniiach\"  or,  to  be  mot 
precise,  with  only  a  small  remnant  of  its  original  stomach. 


Og&ta'B  «zperl 


Ogata,  working  under  Ludwig'a  direction,  instea 
of  having  recourse  to  the  formidable  operative  pn 
cedure  of  Czemy,  established  a  duoilenal  fisttda,  whic 
permitted  the  introduction,  through  the  fistula,  of  an  india-rubb- 
ball,  connected  with  a  tube,  whieli  allowed  of  the  ball  being  di 
tended  with  water,  so  that  it  shut  tiff  the  stomach  from  the  du< 
denum.  It  was  then  possible  to  introduce  alimentary  substanoi 
into  the  duodenum. 

It  was  found  that  the  introduction  of  pounded  egg  and  mince 
flesh  into  the  duodenum,  twice  daily,  sufficed  to  keep  the  animi 
experimented  upon^  in  health,  and  up  to  weight.  Ogata  found  tha 
in  the  main,  digestion  proceeded  as  usual,  there  being  however  sonw 
what  less  perfect  digestion  of  connective  tissue. 

These  extraordinary  results  are  in  agreement  with  the  knowleds 
which  we  possess,  that  the  stomach  discharges  digestive  functioi 
which  are  shared  by  other  organs,  and  prove  that  in  animals  po 
aessed  of  great  vitality,  the  failure  of  one  organ  may  lead  to  su< 
compensatory  over-activity  of  the  cooperating  organs  as  suffices,  for 
time  at  least,  to  shield  the  organism  from  evil  consequences.       ^ 

'  F.  F.  Kaiser  in  Czerny's  Beitrfitjf  nir  operaliven  Chirurgif,  lH78,  p.  141. 

This  account  of  the  experiments  of  Cr.emy  and  hi»  pupils  is  quoted  from  t 
interentiDgly  whtt«n  aooount  in  Bttnge's  lulniirablo  '  Text-Buck  on  Physiological  K 
Falhnlogical  Chcnuatry.'     London,  Kcgan  Paul  and  Co.  1890.    Sec  Leot.  iz.  p.  167. 

'  O^ata,  *  Vtshet  die  Verdanung  nach  der  AusBchaltung  des  Magena,'  Archiv 
Anal.  u.  Phy».     Phj8.  Abtheil.  (1683),  p.  81*. 
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VTIiilst  these  results  in  no  respect  justify  the  conchision,  opposed 
to  all  our  experience,  that  the  stomach,  in  man,  plays  but  an  unim- 
portant part  in  digestion,  they  serve  the  valuable  purpose  of  impres- 
Wig  upon  our  minds  the  great,  per^hapa  the  paramount,  importance 
of  the  pancreas  in  digestion. 


of 

AOOfOUV     th.9 

pitrlc  Juice  or 
tha  mixed  coa- 
InU    of    tlM 


The  Gastric  Juice  in  Disease. 

Our  information  of  the  changes  which  occur  in 
digestion  in  disease  are  derived  in  great  part  either 
from  the  examination  of  the  stomach  contents  obtained 
by  the  act  of  vomiting,  or  by  collecting  the  gastric 
juice,  more  or  less  mixed  with  water  or  with  portions 
of  foo<l,  either  by  employing  the  stomach-pump  or  a 

flexible  hollow  gastric  sound,  to  empty  the  stomach  some  time  after 

food  has  been  taken. 

In  the  accompanying  illustrations  are  shewn  (1)  the  process  of 

tasliing  out  the  stomach  by  means  of  the  stomach-pump  (Fig.  10), 

(2)  t  stomach  tube  or  gastric  sound  (Fig.  11). 


^'  10.      TB£  act   or  JEMPTtlNO  TIIK  StOHACH  BY  aSXANS  OF  THK  StOJJACB-POHI'.     (MftW.) 

By  appropriate  manipulation  of  the  two-way  cock,  water  or  other 
li'|uid  inay  be  aspirated  from  the  basin  and  thereafter  pumped  into 
the  Btomach,  and  subseq\iently  aspirated  from  the  stomacli  and 
pumped  into  the  basin;  the  latter  operation  is  represented  in  the 
Hgure. 

The  gastric  sound  was  first  employed  by  Leube'  and  Klilz*.  and 

'  Leube,  Arehivf.  klin.  J/nlir.  Vol.  93,  1883.  I.  Kefer  to  hia  article  in  Ziemmsen's 
tItitHtmth  4.  tptc,  Pathol,  u.  Thfrapie.  Also  SiUungthfriehU  d.  phja.  ined,  Societ&t 
'- Erluttgrt$,  1871.  Hft.  3. 

Kill/.,  De-utKhe  Zeittchriftf.  prakt.  Med.,  1875.  No.  27. 
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has  since  been  creatly  employed  on  the  Continent  of 
Europe  both  for  diagnostic  and  therapeutic  purposes. 

The  sound  consists  of  a  soft  india-rubber  tube,  of 
about  the  same  thicknem  ati  a  stoniaclj-pump  tube, 
the  inner  or  stomach  end  of  whicb  is  rounded,  and,  at 
a  short  distance  from  this  end,  it  is  perforated  by  a 
hole  through  which  the  fluid  passes  into,  and  out  of,  the 
stomach. 

This  pipe  may  be  attached  to  a  funnel.  The  tube 
being  inserted  into  the  stomach,  lege  artis,  exactly  as 
a  stomach-pump  tube,  some  water  is  poured  into  the 
funnel,  which  is  helii  at  tliis  time  in  an  elevated  position. 
On  now  deprL'Ssiug  the  funnel  the  contents  of  the  stomach 
will  be  syphoned  off  and  accumulate  in  the  funnel.  An 
ingenious  syphon  for  washing  out  the  stomach  is  shewn  in 
Fig.  12. 


PlO-    12.      BtTHON    for   WA8HWO   ODT   THB    StOMACH.      (MhW.) 


It  is  obvious  that  with  the  help  of  such  contrivances 
various  kinds  of  observations  may  be  performed ;  as,  for 
instance,  wc  may  coUoct  the  stomach  contents  mixed  with 
a  small  quantity  of  water  a  known  time  after  a  so-called 
test  meal;  we  may  collect  the  stomach  contents  at  any 
time  after  the  ordinary  meals;  or  we  may  wash  out  the 
stomach  with  pure  water,  or  water  containing  various 
agents. 
T   t-   aai  In  experimenting  on  the  digestive  powers 

of  the  stomach  in  disease  it  is  very  usual 
with  some  clinical  observers,  especially  in  Germany,  to 
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cuGe  patients  to  take  the  test  meals,  above  referred  to,  and  then  to 
examtDe  the  etoniach  contents,  consisting  of  gastric  juice,  undigested 
food  and  products  of  digestion,  one  or  several  hours  afterwards. 

The  test  meal  is  administered  on  an  empty  stomach.  Ewald' 
employs  for  it  a  dry  well-buttered  roll  with  water  or  weak  tea. 
Leube  and  Riegel  employ  a  meal  of  "  Wasser-Suppe,"  "  Gries-Suppe" 
And  meat. 


On  ihe  Injluence  of  Changes  in  the  Acidity  of  the  Gastric  Juxct 

in  Disease. 

I  Am(»ngst  all  the  changes  which  the  gastric  juice  exhibits  in 
I  liiKue,  modifications  in  the  quantity,  as  well  as  the  nature,  of  the 
f  acid  which  it  contains  occupy  the  first  place.  All  general  affections 
i  of  Ibe  organism  profoundly  depressing  its  nutrition  :  the  condition  of 
Ihjjrexia,  whatever  its  origin:  the  zymotic  fevers,  etc.,  whilst  all  tend 


to  diminish  or  arrest  the  secretion  of 


are  likewise 


gastric  juice. 
iuociato<l  with  a  diminution  in  the  amount  of  acid  which  it  contains, 
fieveral  of  the  functional  and  organic  diseases  of  the  stomach  seem  to 
Inui  CO  the  secretion  of  a  gastric  juice  abnormally  deficient  in  its 
Qonoal  acid. 

The  secretion  of  such  a  gastric  juice  is  often  the  starting  point 
hx  a  series  of  phenomena  whit^li  profinnidly  affect  the  processes  of 
digejition  in  the  stomach,  as  well  as  tlic  organism  as  a  whole. 

First  and  foremost,  the  function  of  the  acifl  rif  the  gastric  juice  is, 
»8  we  have  seen,  to  cooperate  with  pepsin  in  the  process  of  proteo- 
lysis. Next  to  this,  the  acid  discharges  another  function  of  which  the 
importance  to  the  organism  can  scarcely  be  exnggeratod,  viz.  an  anti- 
septic and  a  disinfecting  function;  for  it  would  appear  that  the 
rtruarkable  antiseptic  and  deodorizing  properties  of  the  gastric  juice 
are  intimately  associated  with,  and  dependent  upon,  its  acid. 

We  are  continually  introducing  with  our  food,  into  our  organism, 
moulds  and  yeasts  and  bacteria,  which,  but  for  the  action  of  the  acid 
of  the  gastric  juice,  would  set  up  fermentations  of  various  kinds, 
or  whicii  developing  within  the  organism,  would  be  the  cause  of 
numerous  zymotic  diseases  from  which  we  are  more  or  less  protected. 
Amongst  the  numerous  protective  agencies  which  are  at  work  pre- 
serving the  organism  against  the  inroads  of  putrefactive  and  patho- 
genic bacteria,  the  influence  of  the  gastric  juice  must  therefore  not 
W  lost  sight  of  or  underrated. 

BuDge  has,  in  his  Text-book,  discussed  in  his  habitually 
intervHtiiig,  original  and  instmctive  mtiuuer,  the  capitn! 
ittiporuuce  of  the  acid  of  the  gnstric  juice,  arguing  that  the  antiseptic 
*ctton  ot  thejuiw  is  even  more  impoi-taiit  tliaa  its  fuuetiou  aa  a  proteo- 
IjUcagenL  H«  says : — '*A  strong  point  in  favour  of  the  view  that  the 
uitiaoptic    action  ot   the  gastric  juice  constitutes  its  chief  impoitmice  is 

'  See  V.  JadiBoh,  CUnieal  Diaffm>tit,  p.  104. 
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found  in  the  fact  tliat  in  a  whole  Kerieti  of  thtt  lower  auimats  the  oom- 
mencement  of  the  alimpntiiry  cnnaL  secretes  a  fluid  very  rich  in  mtnenl 
acid,  but  containing  no  ferment  and  having  no  special  action  on  the 
food'."  In  illustnition  of  hi«  view,  Buuge  i-efera  to  the  remarkable  ob«r- 
vations  fii-at  made  by  Troschel  and  Boedeker*,  which  were  afterwardi 
fully  confirmed  by  de  Luca  and  Paiiceri'  on  the  acid  secretion  of  Dolium 
galea,  which  will  lie  referred  to  in  detail  in  a  subsequent  aecti'tn  of  the 
present  volume.  It  appears  to  the  Author  that  whilbb  the  value  of  the 
germicidal  nnd  anti.st^ptic  action  of  the  giistric  juice  rests  upon  well-osoer 
taiued  facts  ami  cannot  be  giiinsaid,  yet  the  estimate  formed  by  Profeswr 
Bunge  as  to  the  prnponderating  inifjortancci  of  this  function,  compAred 
with  the  proteolytic  action  of  tht-  gastric  juice,  is  an  exaggerated  one. 
Tlie  acid  secretion  in  Doliuuj  and  other  invertebrates  is  related  to  the  ex- 
ternal reijuiremeuts  of  the  cniature,  and  not  to  its  digestive  acts;  it  enables 
it,  in  its  Hearch  for  abnde  and  protection  to  erode  the  chalky  formatioiu 
which  Bunouud  it,  and  we  may  assume,  perhaps,  that  it  also  fumiahe>i  it 
with  a  cliemical  agent  of  oflence  and  defence.  May  we  not  in  the  add 
secretion  of  Doliura  see  an  analogy  to  tho  venomous  secretions  which  cha- 
racterise so  nuuiy  vertebiute  and  iiivertebriite  aniuiaU  ?  If  indeed  we 
determine  to  establish  ciir  opinion  as  to  the  relative  importance  of  the 
various  functions  of  the  alimentHry  catuil  ou  the  basis  of  coui[>arativ« 
physiology,  wo  shall  bo  forced  to  a  concbiHion  very  difforent  from  that  of 
Professor  Bunge.  The  characteristic  digestive  process  in  invertebrat^i  in. 
as  wo  shall  see,  one  which  proceeds  in  alkaline  and  not  acid  mefiia^  aiid 
which  bears  most  resemblance  to  the  pancreatic  digestion  of  vertebrates. 


Aatlnptic 
action  of  gas- 
tric Jolce  in- 
fluBUces  tlie 
aothereal  vul- 
phates  of  urine 
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A  series  of  interesting  researches  has  been  carried 
out  in  which  the  antiseptic  action  of  the  gastric  jui 
is  indirectly  estiiuatud,  under  various  coaditions,  by 
study  of  the  urinary  cou&titueiits 

When  discussing   the   jnitrefactive   changes  wbi 
occur  in  the  intestinal  canal,   it  wil!   be   pointed  on 
that,  as  a  result  of  the  action  of  putrefactive  bacteria,  there  are 
formed  certain  phenols,  of  which  the  chief  are  phenol  and  creaol,  and 
particularly  two  well-characterised  bodies  of  *oul  odour,  indol  an^^ 
skatol.  ^H 

The  bodies  which  have  been  named  are  in  part  excreted  in  tbe-   i 
faeces,  but  in  part  are  abanrbed,  and  entering  the  blood  are  excreted 
aa  constituents  of  the  urine,  in   the  form  of  so-calleil  ethereal  sul- 
phates.    Thua  phenol,  C^Hg .  OH,  ia  principally  excreted  as  phenol- 
sulphuric  acid,  CgH^.OSOjOH:    cresol   (methyl-phenol)  as  cresol 


sulphuric  acid,  ^rt'^i^Qgn  q^-     Indol,  ^'«H4^xj|t      -    ,  is  first  ofali 


1  Buugo,  Phfffiological  and  Pathotogical  Ciitmi$try.     EdiKlifih  trau&lation.    VoL 
p.  158. 

5  Troechel,  Poggendorfl's  Annalen,  Vol.  xcm.  (1854),  p,  614,  and  Joum.  f.  pMkt- 
t'himU,  Vol.  LXiii.  (1«54),  p.  170. 

«  do  Luca  et  Pauwjri,  Vomptes  Iiendu9,  Vol  Lxv.  (1887),  pp.  577  and  712,  An  tl^ 
Mtraot  of  thette  researches,  written  by  the  Author,  appeared  in  the  first  -volaise  of  th« 
Journal  of  Anatomy  and  Physioloff^. 
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coDvorted,  in  the  organism,  into  iiuloxyl  CgHV^^rr    -  ,  And 

ibis  body  enters  the  urtoe  as  indoxyl-sulphuric  acid, 
ptt/C(O.SO,H)  =  CH 

Similarly,  skatol  (^-methyUindol).  a  botly  characterised  by  a 
foetid,  foetal  odour  C,H4,  -^Vr       _!_  ,  aft^^T  conversion  into  akat- 

<)xj],  is  excreted  chiefiy,  as  skatoxyl-Bulphuric  acid. 

By  repeated  investigations  it  has  been  shewn  that  when  the  con- 
tents of  the  intestinal  canal  are  disiufected.  as  by  the  administration 
of  calomel,  naphthalin,  /S-naphthol.  &c.,  the  excretion  of  the  ethereal 
salphates  by  the  kidneys  ceasea  Restiug  on  tlu^  boi^is  of  these  facts 
we  the  investigations,  now  to  be  referred  tu,  in  which  the  dis- 
infecting action  of  the  gastric  juice  was  determined  by  the  estimation 
of  the  ethereal  sulphates  af  the  urine, 

Wasbutzki'  determined  the  ratio  of  the  quantity  of  sulphuric 
iurid  present  in  the  form  of  ethereal  sulphates,  to  the  ttttal  ijuantity 
of  sulphuric  acid  in  the  urine,  in  a  series  of  cases  where  abnormal 
fcmientations  occurred  in  the  stomach.  In  these  cases  he  also  deter- 
niiDed  the  nature  and  amount  of  the  acids  in  the  gastric  juice.  He 
fouud  that  the  ethereal  sulphates  were  increased  in  amount  in 
cases  of  acid  fermentations  of  the  contents  of  the  stomach  due  to 
bacterial  action,  the  hydrochloric  acid  of  the  gastric  juice  being 
either  absent  or  in  greatly  diminished  amount.  In  coses,  however, 
of  fermentations  duo  to  the  developement  iA' tornla  in  the  stomach, 
he  found  an  absence  of  ethereal  sulphates  in  the  urine.  In  thes 
<5ase8  the  gastric  juice  was  abnormally  acid,  and  contained  an  excess 
^f  hydrochloric  acid.  From  Washutzki's  researches,  it  would  appear, 
however,  that  large  (piautities  of  lactic  and  butyric  acid  in  the 
stomach  contents  may  exert  the  same  influence  on  the  putrefactive 
Wterial  processes  in  the  alimentary  canal  as  is  normally  exerted 
oy  h)'drochloric  acid. 

A.  Kast*  attempted  to  determine  the  antiseptic  action  of  the 
gwtric  juice  by  administering  such  <juantities  of  alkalies  to  healthy 
nieii  as  sufficed  to  reuder  their  urine  neutral  or  alkaline.  He  found 
*bat  under  this  treatment  the  ratio  of  the  ethereal  sulphuric  acid  to 
*he  lutal  quantity  of  sulpfiuric  acid  excreted  was  larj;ely  increased  j 
*ud  that  whenever  the  acidity  of  the  gastric  juice  was  more  or  lessj 
<liminished,  the  effect  was  made  obvious  in  this  way. 


_  '  M.  Wasbutzki,  *  Ueber  dou  Einflusi  von  Magengahrungea  aaf  die  Fiiuluissvor- 
?»OltPim  Uarmcanftlp.'     Arrhio  f.  I'xprrim.  PathoUtr/.  «.  Pliannakol. 

'  A.  Kjiat,  *  Ueber  die  qaantitative  BeniCK(iun^  der  antifK'ptischen  Loititunp  ded 
^Wtnwif t««. '  Ffnttchrift  i,  F.^'ffimiig  d.  Alljevi.  Krankrnhausrt  :u  Hamburg' Kppru- 
'^'*rf,  18H9  (Sep.  Abd.).  Abstracted  by  Professor  Andreasch,  in  Maly'a  Jahreabericht 
for  1889,     Vol.  xii.  p.  271. 
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add  of  gaairlo 
Julco  In  check- 
Ins    fermenta- 
tion. 


It  ia  throngli  failure  to  arrest  the  developenient  of  the  orgaui 
which  are  the  cause  of  acetic,  lactic,  butyric  aud  similar  fermentatioiw^ 
that  the  feebly  acid  gastric  juice  secreted  in  morbid  conditions  of  the 
organism  and  of  the  stomach  reacts  injuriously  ujx)n  ita  funcliooj. 
bringing  about  catarrhal  contlitions  which  are  associated  with  various 
d)'8peptic  luatiifeatatious.  Amongst  these  manifestations  are  promi- 
nently observed  such  as  are  due  to  the  action  of  the  organic  aciiU 
which  are  the  products  of  abnormal  fermentations. 

Ewald  pointed  out  that  the  hydrochloric  acid  of 
uormal  gastric  juice  possessed  the  property  of  checking 
the  production  of  lactic  and  acetic  acids'.  His  state- 
ments have  received  confirmation  from  the  researcl 
uf  HirschfeUr'and  of  Felix  O.  Cohn. 
The  former  writer  added  artificial  gastric  juice,  containing  varying 
4uautitiea  of  hydrochloric  acid,  to  culture  solutions  which  had  been 
inoculated  with  Bacilt.  ti/:id.  lad.  (Hueppe)  or  with  sour  milk,  and 
determiued  by  titration  the  quantity  of  lactic  acid  formed.  He 
found  that  from  0  t)l  to  0'02  per  cent,  of  HCl  s\]fficed  to  slow,  ver)' 
powerfully,  the  developement  of  lactic  acid  ;  the  same  effect  wv 
observoil  in  the  case  of  the  acetic  fermentation. 

Felix  O.  Cohn*,  from  a  aeries  of  experiments  similar  to  those  uf 
Hirschfeld,  arrived  at  the  following  conclusions:  1st.  That  pepsin 
does  not  inhibit  the  formation  of  acetic  ai»d  lactic  acids.  2ud.  That 
even  mere  traces  of  hydrochloric  acid  hinder  the  acetic  fermentation. 
3ni.  That  whilst  hydrochloric  acid  iiindern  the  developement  of  the 
lactic  fermentation,  as  much  as  0'7  per  cent,  is  required  in  order  to 
arrest  it. 

A  considerable  number  of  bacteriological  investigations  have 
been  made  on  the  micro-organisms  which  occur  in  the  healthjr 
human  stomach,  but  the  results  have  been  by  nu  means  ooncordftDt. 
Capitau  and  Moreau*  found  only  three  micro-organisms  in  their 
examinations  of  the  stomach  contents  of  thirty  healthy  human  beings; 
two  of  these  organisms  were  varieties  of  yeast  and  one  a  bacillus, 
somewhat  broader  than  the  tubercle  bacillus,  forming  colonies  aiid 
liquefying  gelatine.  Abelous*,  on  the  other  hand,  succeeded  in 
discovering  16  micro-organisms,  of  which  7  are  known,  to  wit, 
Sarcina  vet^tncnli* ^  Bacillus  pyocyaneua,  Bactet'ium  lactis  aei'ogffus 


'  Ewald,  Berliner  Klin.  Wochemchri/t  1886.  No.  48. 

'^  E.  Uirschfeld,  *  Ueber  die  Kinwirkung  dcH  kilnstlicbeo  Magenaaftes  auf  EasigBMai*- 
und  Mikhpaiiregahrung.  ■     PjiiigtrU  Archit\  Vol.  xlvii,  610 — Si2. 

'  Felix  0.  Cohn,  *  Ueber  die  Einwirkung  des  kiioetlichen  MaKenaaftea  auf  Esng- 
Bdure-  und  Milchaaaregahrang,'     Zfitachrift  J.  physiolog.  Chemif,  Vol.  xxv.  74 — 106, 

*  Oapitan  et  Moreau.     Compter  AVnfiiw  fie  la  Soci6t^  de  BioloDi'',  41.  35. 
'^  Ab«lous.      Comptes  ItenduM  de  la  StKiite  de  liiologie,  41,  B6. 

•  Sarcina  vcntriouli  received  iho  name  which  it  now  bears  from  John  Goodsir,  * 
first  discovered  it  in  tlie  vomited  mattera  uf  certain  cafle^  uf  dyspeptiia  (Adtniiw 
Medical  and  Surgical  Journal^  Vol.  i.rii.  (18-1:^)  p.  48IJ).  Sarcina  ia  an  alga,  and  afiv' 
its  discovery  by  Goodsir  was  reooi;aised  as  identical  with  the  alga  diaoovered  by  \'i*o 
Heyen  in  182U  and  named  by  him  Meritmopedia  punctata  {see  Article  *  Yerdaanne'  i^ 
Wagner's  Handaiirterbuch). 
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(von  EBctiricht),  Bacillus  subtilis,  B.  mycoides,  B.  amylobacter. 
Vibrio  rugula;  in  addition  to  tliese  well-known  organisms,  tliere 
occurred  also  one  coccus  and  eight  bacilli.  All  these  organisms, 
•ocording  to  Abelous,  resist  the  action  of  artificial  gastric  juice, 
containing  17  per  thousand  of  HCIV 

The  action  of  t])e  gastric  juice  on  pathogenic 
iJwlr**/i^*  organisms  naturally  offers  the  greatest  interest,  and  lias 
«  »Uhoff«zilc    ^^°  ^^^  subject  of  many  investigations. 


Amongst  the  first  to  deal  with  the  subject  in  a 
thoroughly  satisfactory  manner  were  Falk  and  Frank. 
Falk'  found  that  the  Bacillus  anthracis  (the  pathogenic  organism 
whioL  occasions  the  so-called  '  splenic  fever '  of  cattle,  *  Mihbrand ' 
or  *Cknrbon  ')  is  nut  acted  upon  by  the  saliva,  the  pancreatic  juice  or 
tiie  bile,  but  that  it  is  readily  destroyed  by  the  action  of  the  gastric 
joice,  although  the  spores  which  the  bacillus  may  contain  usually 
fiieape  destnictioa.  Falk  found  that  the  Tubercle  bacillus  was  not 
Tected  by  any  of  the  digestive  juices,  including  the  gastric  juice, 
though  it  readily  succumbK  to  the  putrefactive  process. 

Frank's  researches*  fully  corroborated  the  observations  of  Falk, 
both  in  the  case  of  the  Tubercle  bacillus  and  in  that  of  the  B. 
kothracis,  and,  like  Falk,  Frank  came  to  the  conclusion  that  the 
idion  of  the  digestive  juices  opposed  no  very  general  and  effectual 

itauce  to  the  inroads  of  infecting  pathogenic  organisms. 

Since  the  date  of  these  researches  many  observers  have  cx- 
?riiuented  in  the  same  direction,  and  with  the  more  interesting  of 
tLeir  results  we  shall  now  deal. 

The  experiments  and  observations  of  Nicati  and  Ri[4sch  and  of 
Koch  himself  have  established  that  the  Comma  bacillus  of  Koch, 
which  has  now  been  proved,  beyond  the  possibility  of  doubt,  to  be  the 
pBthogenic  organism  of  Asiatic  cholera,  is  readily  destroyed  by  the 
•ctioii  of  the  gastiic  juice,  and  indeed  by  dilute  solutions  of  hydro- 
''Mnric  acid.  We  are  thus  enabled  to  explain  satisfactorily  the 
'iifficulty  which  has  been  experienced  in  communicating  cholera  to 
animals  (and  even  to  man)  by  the  administnition  of  pure  cidtures  of 
the  Comma  bacillus.  The  experiments  of  Nicati  and  Rietscli*  have 
however  shewn  that  if  the  stomach  be  washed  out  with  alkaline 
wlutions,  so  as  to  abolish  the  acid  reaction  imparted  to  it  by  the 
jBstric  juice,  the  introduction  of  cultures  of  the  Comma  bacillus  is 
Jft  some  cases  followed  by  the  invasion  of  symptoms  akin  to  those  of 

'  The  reader  may  winb  to  refer  to  a  paper  by  W.  dc  Bar.v  entitled  '  Beittiige  zar 
^■njitniu  der  niederen  Oi^anismen  iiu  Mageniuliolte.*  Archiv  /.  exp.  Pathol,  und 
f^amakohaU,  Vol.  xx  (18B5).  p.  243. 

^  FaJk  'Uober  dan  Verbalt«D  von  InfectioDsstoffeo  iin  Verdauangacanale/  VirohQW^s 
^wAir.  Vol.  icin  (1883),  p.  117. 

*  Edmund  Frank  '  Ueber  das  Verholten  von  Infectionsstoffen  gegenUber  den 
TcrduiiuiKflsiift«u.'  DeuUe.he  Mtd.  Wochemchrift,  1864,  No.  20. 

*  W.  Kioati  and  N.  KietBch.  Utiw  Seient.  1S84,  p.  658:  CompUi  Rendus,  Vol.  xao. 

p.m. 
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cholera;  the  same  result  follows  the  introductiou  of  pure  cultures 
into  the  intestine.  These  interesting  facts  appear,  at  first  sijjbt.  to 
stand  in  opposition  to  the  belief  or,  rather  we  should  say.  to  the 
decisive  experience  of  the  most  careful  and  trustworthy  observers, 
that  the  vontaginm  uf  cbolera  is  in  general  introduced  iutu  ihc 
organism  through  the  alimentary  canal.  A  little  reflection  m\\, 
howL^ver,  reatlily  dispose  of  the  apparent  inconsistency  between  the 
results  of  the  expfrimonUil  resciirchos  of  R.  Koch*  and  of  Nicati  and 
Riet.sch  and  thu  experience  of  physicians. 

Drinking  water  contaminated  by  the  dejections  of  cholera 
patients  appears  to  be,  in  the  immense  majority  of  cases,  the  medium 
of  infection.  Water  is  continually  introduced  into  the  stomach  at  a 
time  when  digestion  is  in  abeyance  and  the  organ  free  from  gastric 
juice  ;  mnreover,  the  dilution  which  any  trace  of  acid  must  undergo 
when  considerable  quantities  of  water  are  drunk  will  eventually 
serve  to  protect  the  cholera  bacilli  of  which  the  water  is  the 
vehicle. 

The  bacilli  which  are  apparently  directly,  or  through  the  producU 
of  their  vital  activity,  the  matenes  viorbi  of  typhoid  (B.  typhi),  of 
diphtheria  (Loffler'a  B.),  and  uf  tetanus  (B.  tetani  of  Kitasato)  are  all, 
apparently,  injuriously  affected  or  destroyed  by  digestion  in  gastric 
juice.  In  the  presence  of  ulbumiuous  substances,  the  hydrochloric 
acid  of  the  gastric  j  uice,  which  combines  with  them,  loses  to  some 
extent  its  efficacy  as  a  germ  destroyer,  and  the  organisms,  above 
referred  to,  may  thus  retain  their  pathogenic  activity. 


Gastric  DioiisTiON  in  Special  Diseases. 


1,     Gastric  Digestion  in  Fevers. 

This  has  been  made  the  subject  of  experimental  inquiries 
direct  observations.  We  may  say,  in  general,  that  in  febrile  affecti* 
the  quantity  of  gastric  juice  is  diminished:  that  the  hydrochloric 
acid  is  often  altogether  absent  or  very  much  diminished:  that  tb© 
pepsin  on  the  other  hand  is  not  altered*.  The  reaction  of  the  gastric 
juice  was  sometimes  found  neutral  or  even  alkaline  (Uffelmanu),  a»<* 
in  a  case  reported  by  von  deu  Veldeu'  the  acid  reaction  was  due  to 
lactic  acid  (the  case  was  one  of  typhoid). 

With  these  results  agree  well  the  facts  ascertained  by  Mauasseia'. 
who  made  animals  tebrile  by  injecting  putrid  matter  into  the  blood 


»  B.  Koch,  Df-uUche  mfd.  n'iH^)u>ruehrift,  1884,  No.  46. 

^  Leab«.  i'olkmann't  klin,  Vortrnge,  No.  63. 

*  liertin,  klin.  Wochemchrift,  1877.  No,  42. 

*  Virohow'a  Arehiv,  Vol.  56,  p.  413. 
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and  found  that  the  collected  gastric  juice  only  possessed  digestive 
properties  wlien  HCl  was  ndded  to  it. 

More  recent  observatinna  however  shew  that  there  are  ex- 
ceptions. Sassezkis'  examined  the  gastric  juice  in  nine  persons 
suffering  from  febrile  atfections  and  found  the  HCl  only  very  much 
dirainished  in  those  cases  where  there  was.  besides,  a  very  marked 
dyspepsia.  Edinger*  examined  flcveral  cases  of  fever  (one  case  of 
typhoid  with  vomiting,  two  cases  of  recurrent  fever,  and  one  of 
intermittent)  and  found  hydrochloric  acid  present  in  all. 


2.     GaatHc  Digestion  in  Dt/spepsia. 

Clinically  considered,  dyspepsia,  or  indigestitm,  denotes  a  complex 
of  symptoms  common  to  various  disorders,  characterized  principally 
by  abnormalities  iu  tLe  gastric  digestiou.  Having  regard  to  these 
symptoms  we  may  still  adhere  to  the  time-honoured  classification 
uf  dyspepsia  into  tiatulent  dyspepsia,  acid  dyspepsia  and  atonic 
dyspepsia. 


1^     nttnlanft  The  causes  of  this  form  of  indigestion  are  numerous, 

^B  ?»•»**.  aji(j  ijjay  Yye  due  either  to  au  improper  diet,  either  as 

T  regards  quality  or  (piantity :  to  acute  nr  rhn'iiie  caturrh  of  the 
J  stomach,  to  atrophy  of  the  glandular  elements,  changes  in  the 
1  DiUBcular  coat,  presence  of  ulcer,  cicatrix  of  an  ulcer,  or  cancer  of  the 
I     stomach,  to  a  diseased  condition  of  other  parts  of  the  digestive  tract 

■  (insufficient    mastication,   disturbances    rif    salivary,    ]mncreatic    or 

■  biliary  secretion) :   to  general  diseast^s  (anaemia,  gout,  tuberculosis), 
I      or  to  diseases  of  other  organs  (tliseases  of  uterus,  cardiac  diseases, 

nervous  disorders). 

The  changes  in  gastric  digestion  are  due  in  fermentative  changes 
^'hich  the  ingested  food  undergoes  and  are  brought  about  either 
"V  the  character  of  the  food,  the  insufficiency  of  hydrochloric  acid  in 
^he  gastric  juice,  or  tlie  prolonged  stay  of  the  food  in  the  stomach  : 
hence  this  form  of  dyspepsia,  when  very  marked,  is  almost  always 
^ftSociated  with  dilatation  of  the  stomach. 

The  only  points,  which  we  need  consider,  concern :  (1)  vomited 
Matter,  (2)  condition  of  the  gastric  juice,  (3)  tlatulence. 

1.  Vomited  matter.  Vomiting  is  a  usual  symptom  of  this 
'Orm  of  dyspepsia;  W  but  little  dilatation  of  the  stomach  exists,  the 
Vomited  matters  are  small  in  quantity,  consist  of  food  either  un- 
^Uered  or  often  iu  a  state  of  fermentation,  frothy  and  smelling  of 
yeasl.  or  of  au  acid  or  rancid  smell ;  sometimes  there  is  an  admixture 
of  bile,  at  other  times  of  masses  of  mucus. 

Microscopically  we  find  iar^^e  masses  of  sarciua  and  of  torula, 
^ioades  the  elements  of  undigested  food. 

'  St  Petfnhurgcr  mtrf.  Wochcmchrift,  1879. 

»  DeuUeh,  Arckiv /,  ktin.  .Vcii.  Vol.  xxix.  p.  565. 
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Chemical  examination  shews  the  presence  of  acetic,  lactic,  and 
butyric  aciils.  Tlie  hydrochloric  acid  is  either  altogether  abKeiit  oi 
present  only  in  small  quantities ;  pepsin,  acconling  to  Kussiuaul. 
h  always  present.  Kvissmanl  found  it  absent  only  in  one  case,  in 
which  (iDormous  niasties  of  a  fungus  were  contained  in  the  stomach. 

The  acids  present  are  the  result  of  fermentation  of  the  ingested 
carbohydrates,  as  was  first  pointed  out  by  Frerichs ;  this  would 
explain^  on  the  one  hand,  the  presence  of  lactic  and  butyric  acids 
(as  well  a^i  CO,  nnd  H),  while  on  the  iither  hand  the  alcoholit 
and  acetous  fermentatioufi  would  result  in  the  Hp[iearauce  of  alculml. 
CO,  and  acetic  acid  as  final  products.  Both  these  forma  of  fermen- 
tation may  go  on  at  the  same  time'.  Besides  these  acids,  we  find 
unaltered  albumen,  sugar,  and  starch  present  in  the  vomited 
matter. 

If  dilatation  of  the  stomach  be  excessivti,  or  if  almost  complute 
meclianical  obstruction  exist,  as  in  cases  of  cancer  of,  or  cicatrix  al 
the  pylorus,  the  vomited  tuatters,  or  the  stomach  contents  which  cao 
be  withdrawn  by  the  stomach  tube,  may  amount  to  a  large  volume 
(2^4  litres).  When  allowed  to  stand,  they  usually  separate  into 
thtee  layers:  an  upper  one,  consisting  of  frothy  mucus,  a  subjaceat 
la\er  of  liquid,  and  a  sedmientary  stratum  at  the  bottom,  containing 
solid  masses  and  particles. 

llie  (ftues  whii'li  are  evolved  iu  this  form  of  dyspepsia  huvt; 
sometimes  a  conjposition  similar  to  that  of  the  atmospheric  air, 
tjxcept  that  they  contain  more  CO,;  when,  however,  the  fermentatioa 
process  is  fully  developed  they  consist  cliicdy  of  H  and  CO^ 

According  to  Popoff^,  in  some  cases,  an  intianuiiable  gas  is  evolved 
(Frerichs,  Friedresch,  Evvald'),  which  proved  to  be  marsh  gas.  Hopitt' 
Seyler  believes  that  this  gas  is  derived  from  the  intestines  and  i> 
not  formed  in  the  stoniach(?) 

The  follftwing  numbers  exhibit  the  composition  of  the  mixed  gasi 
in  cases  of  this  kind. 


Frericlifl 


Popofl 


Soholtze 


CO,  ill  100  parU  20*57 12-82 26-56  in  100  parte. 

H 20-67 32-32 32-30 

Cn^..  10'75  0-34 

O 6-62 7-90 7-36 

N 41-39 46-96 33*44 


4 


In  the  cases  we  are  now  considering,  pyrosis  is  often  a  symptom 
ill  addition  to  vomiting. 

If  the  gastric  juice  he  examined  (by  means  of  stomach-pump  ar 
stomach  tube)  several  hours  after  the  patient  has  vomited,  it  is  found 
to  contain  only  traces  of  hydrochloric  acid,  while  pepsin  is  present. 


^  Sohultzeo,  Archiv/.  Aiutt.  m.  Phygiotog.  1864,  p.  591. 
3  Htrt.  klhiiiche  WMhemchr.  1870,  Nob,  38  and  40. 
^  Archiv  f.  Attat.  u.  Phywiol.  1874. 


HAP.  n.]  'ACID'  AND  'ATONIC   DYSPEPSIA. 

This  form  of  dyspepsia  may  oflea  occur  in  perfectly 
healthy  persons ;  at  other  times  it  is  associated  with 
ktarrh  of  the  stomach  and  other  disorders.  The  vomited  matter 
ften  rousists  of  a  clear  fluid,  mixed  with  more  or  less  mucus  and  is 
f  iutensely  acid  character.  It  has  been  supposed  by  most  observers 
Jat  the  acidity  is  due  to  lactic  acid  (Richet,  loc.  cit);  this  seems 
)  be  especially  the  case  if  much  mucus  be  present.  McNaught' 
mud  however  in  several  cases  the  acidity  due  to  increased  HCI 
■en  amounting  to  2*7  per  mill.).  Sir  W.  Roberts  has  fully  ron- 
■led  tbe  ubservatiun  of  McNaught.  He  has  drawn  particular 
ttention  to  the  sudden  paroxysmal  attacks  of  cramp  of  the  stomach, 
'hich  are  apt  to  occur  in  the  coui-se  uf  acid  dyspepsia  and  for  which 
e  would  retain  the  term  of  *  pt/fosU,'  which  lias  been  somewhat 
agtiely  employed.  In  connection  with  these  paroxysmal  attacks  of 
ramp,  a  sudden  gush  of  saliva  into  the  mouth  is  very  frequent,  and 
ir  \V.  Roberts  has  found  that  the  saliva  is  in  some  casos  of  remark- 
ble  alkalinity,  able  to  neutralise  0  12.5  per  cent,  of  HCI.  The 
?cretion  of  this  alkaline  saliva  is  the  concomitant  of  the  pouring 
III  of  a  highly  acid  gastric  juice'. 

AMaio  As  this  form  of  dyspepsia  is   often   dependent  on 

*'*•'•'**  general  malnutrition,  due  to  some  altered  innervation 
ftbe  secreting  apparatus  (uerviius  dyspepsia K  the  changes  in  the 
Ikic  digestion  are  similar  to  those  seen  in  anaemia.  In  these 
m  the  gastric  secretion  is  deficient  in  quantity,  the  hydrochlnric 
cid  being  often  only  found  in  traces.  In  some  cases,  the  reaction 
f  gastric  juice  is  however  distinctly  acid,  but  this  is  <iue  to  the 
^eseijce  of  lactic  acid  in  large  proportions.  As  in  atonic  dyspepsia, 
ttvy  often  found  increased  secretion  of  saliva,  this  may  possibly 
^!ount  for  the  abnormal  fermentation  and  with  it  the  presence  of 
ctic  acid.  In  many  cases  however  the  salivary  secretion  is  not  in- 
»*wed  (Wilson  Fox). 

DyipepBla  la  Any  cause  which  profoundly  disturbs  the  nutrition 

nithitu  (jj-  ^YiQ  bo<ly  may  act  as  a  predisposing  cause  of  con- 

sumption.     Disturbances    o!    digestion    are    very    ire- 
enily  precursors  of  the  disease,  and  presumably  favour  the  infection 
the  organism.     Such  being  the  case,  we  should  expect  to  find 
normalities    in  gastric  digestion  in  a  considerable   proportion  of 

tof  pulmonary  consumption, 
we  consider,  moreover,  that  as  a  result  of  the  tubercular  pro- 
a  Condition  of  secondary  anaemia  is  very  frequent  in  phtliisis, 
all  be  led  to  surmise  that  gastric  digestion  will  be  found  to  be 
■Dormal  even   in  a  larger  number  of  cases  than  those  in  which 
piia  appears  to  have  been  a  marked  etiological  factor.     The 
ations  made  by  Brieger^,  bear  out  the  Kunni.se. 

trtl.  Med.  JoHrnai,  Ihx.  30.  ISS'i. 
iti«rU,  Lettureu  on  ItUteticn  and  Dy*p€p$ia,  London.  1885.     Bee  p.  81  tt  Mf . 
triegur  *Geber  die  Fuactiuiiea  des  M&gens  bei  Fhthisia  Vxi^monam^'  DfuUehe 
yuchcnschrift,  1889,  No.  14. 
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Brieger  made  300  examiuations  uf  the  gastric  juice,  secreted  afwr 

t  meals,  in  a  series  of  64  cases  of  PhUiisis.  In  severe  caaes.  odH 
ibout  16  per  cent,  exliibited  a  normal  digestion,  the  remainder 
suffering  from  a  more  or  lesp  marked  insufticiency  of  the  digestivi 
process.  In  I)  6  per  cent  uf  tliese  cases  there  was  absence  of  tlir 
normal  coustituwnts  (^f  the  gastric  juice. 

In  cases  of  medium  gravity,  33  per  cent,  alone  secreted  a  liornial 
itric  juice,  all  the  remainder  sutferiug  more  or  less  seriouaK  froDi 
gastric  affections,  while  in  6*6  per  cent,  the  secretion  of  a  juice 
occurred  in  which  the  normal  constituents  were  absent. 

The  observations  of  Brieger  have  been  fully  confirmed  by  Hilde- 
brand',  and  agree  in  tlie  main  with  the  experience  of  phytiiciamt 
specialty  conversant  with  phthisis. 

3.    Gastric  Digestion  in  oUter  Dtaeanes  of  the  Stomtwk. 

oaatrtc  ^^^    vomited    matter   consists  of   undigei>ted  food 

Catarrh.  often  mixed  with  bile  and  mucus. 

The  gastric  juice  is  dimiuished  in  quantity,  and  if  there  be  mucli 
fever  the  hydrochloric  acid  is  absent. 

The  stomach  is  also  lined  by  large  quantities  of  a  thick  tenacioui 
mucus.  (Direct  observation  by  Beitumont  iu  the  case  of  A.  St 
Martin.)  In  cases  of  alcoholic  origin  the  stomach  contents  may  con- 
tain large  quantities  of  acetic  acid. 

In  acute  gastritis,  produced  experimentally  by  alcohol,  etc.. 
Ebstein  and  Grulzner^  found,  on  examining  the  mucous  membrane  of 
the  stomach  hardened  in  alcohol,  that  tlie  chief  cells  were  small 
granular,  and  stained  deeply  with  carmine;  presented,  indeed,  in* 
marked  degree  the  appearance  of  'active'  gland  cells,  a  granular  and 
shrivelled  condition  of  thn  chief  cells  ;  he  br.Iioved  this  to  be  due  U>l 
continuous  fonnatinn  and  .secretinn  of  very  small  quantities  of  pepsin. 
The  administration  of  large  quantities  of  alcohol  produce  all  the 
symptoms  of  acute  gastric  catarrh  with  diminished  secretion  of  gastric 
juice. 

We  have  here  either  the  sjmiptoms  of  flatulent 
dyspepsia  with  the  changes  described  above,  or,  in  cases 
of  very  long  standing,  those  of  atonic  dyspepsia. 

The  changes  iu  gastric  digestion  vary  according  to 
the  symptoms. 

At  times,  gastric  digestion  is  perfectly  normal,  at  other  times  ffe 
have  symptoms  of  atonic  dyspepsia  with  corresponding  change  in 
the  secretion  ;  when  ulcer  has  undergone  cicatrization,  aiid  is  st» 
situated  as  thereby  to  cause  mechanical  obstruction  to  the  passage  of 

'  Hildebrand,  *Zur  Kenntniss  dor  Mageoverdautuig  bei  Pthteikern.*  Deutschtw^' 
WochenMchrift,  1889,  No.  15. 

^  Pfliiper'a  Archiv,  Vol.  vi.  p.  1  aa<l  Vol.  vm.  p.  122,  see  also  OrHtzner,  Neue  Pnfcf- 
'nuckungen  titer  die  Bildung  umi  AuMscheidung  de»  Pepsin. 
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food,  we  have  the  symptomfi  of  flatulent  dyspepsia.  '*  AccordiDg  to 
Riegel,  in  cases  of  round  ulcer  of  the  stomach,  tlie  acid  constituents 
of  the  gastric  juice  are  g^^eaily  in  excess,  and  the  fact  has  been  further 
established  by  the  observations  of  Korczyuski,  Jaworski  and  many 
lersV  The  vomiting  of  blood  is  the  most  prominent  symptom  ; 
le  blood  vomited  is  either  red,  fluid,  unaltered  (erosion  of  a  large 
blo^xl-vessel)  or  coagulated  and  dark,  Hutd  and  acid  (change  brought 
about  by  contact  with  the  gastric  juice). 

Cancer  of  The  changes  in  gastric  digestion  will  vary  here  also, 

tiwfftomftciL  according  to  the  symptoms,  and  any  of  the  changes 
described  undtr  the  different  forms  of  dyspepsia  may  be  observed. 
The  vomited  blood  appears  here,  from  its  prolonged  contact  with  the 
gastric  juice  and  from  the  fact  that  the  haemorrhage  is  rarely  profuse^ 
.in  the  form  of  the  coffee-ground  vomiting. 

Von  den  Velden*  found  in  8  cases  of  cancer  of  pylorus  (in  5  of 
which  the  diagnosis  was  verified  post  mortem)  that  the  gastric  juice 
kbtained  by  means  of  the  stomach-pump,  contained  no  trace  of  hydro- 
iloric   acid ;   in   all   of  these  there   wa3  considerable  dilatation  of 
stomftch,  but   no   pyrexia,  and  he  believes  the   absence  of  the  HCi 
to  be  an  important  point  in  the  ditfereutial  diagnosis  between  cancer 
f*nd  other  affections  of  the  stomach.     In  all  these  cases  he  examined 
the   gastric    juice    repeatedly,    but    always   with    the   same    result, 
Rosenstein*  could  not  verify  these  observations.     In  one  case  at  the 
Manchester  Infirmary  where  the  symptoms  during  life  were  those  of 
pyloric  cancer  and  where  the  HCI  was  always  found  absent  in  re- 
peated   examinations,    the    post   mortem   examination    shewed    the 
pxesence  of  a  sarcomatous  tumor  at  the  upper  end  of  jejunum^  while 
t^e  stomach  was  free  from  disease. 

In  general  the  experience  of  physicians  appears  to  be  that  in 
oencer  of  the  stomach  the  colour  reactions  due  to  bydrcx;hloric  acid 
^tte  either  feeble  or  absent,  and  the  non-discovery  of  hydrochloric 
Acid  is  one  point  to  be  taken  into  consideration  in  establishing  a 
diagnosis.  In  advanced  cases  of  cancer  of  the  stomach,  the  quantity 
of  |>ep8in  formed  appeare  to  be  exceedingly  scanty,  and  the  rennet- 
fennent,  which  is  a  constant  ingredient  of  normal  gastric  juice,  is 
often  entirely  wanting. 

«e«wi«raUon         Edinger  and  Riegel  (loc.  cit)  found  in  2  cases  total 
Of  Btomach.     absence  of  hydrochloric  acid. 

It  was  stated  by  Fenwick  that  in  this  affection  pep- 
sin is  absent  or  present  only  in  very  small  quantities, 
and  the  observations  of  W.  Jaworaki  confirm  the  asser* 
tion*. 

^  r,  Jftoluch,  Medical  Diagnon»,  p.  96. 
'  tinittch.  Archiv  f.  klininche  Medicin,  Vol.  xxiu.  p.  3€9. 
"  See  Article  'Dyepepeia'  in  Euleiibnrg'a  Cyclopaedia. 
W.  Jftworaki.    'Zur   Diaguose   des   atrophi&clien  Magencatarrhs/    Wiener  Died. 
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f^tut,  1888,  Nos.  48  and  49. 
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DIRECTIONS   FOR  LABORATORY   WORK. 


[BOOKn. 


Sect.  16.    Directions  for  Laboratorv  Work  connected 
WITH  Gastric  Digestion. 

1.  Determination    of   the  Specific    Gravity   of   Gastric    Juke, 

Follow  method  described  in  Vol  I.,  p.  174. 

2.  Detei^mination   of   Total   Solids  and  fixed  Mineral  Matter. 

Follow  method  described  in  Vol  t,  p.  177. 

3.     Preparation  of  an  A^iificial  Gastric  Juice* 
Follow  methods  1  au<l  4  described  at  pp.  82  and  83. 


4.     Deteiinination  of  the  degree  of  Acidity  of  the  Gastric  Juia^ 
or  of  the  filtered  Contents  of  Hie  StomacL 

It  is  usual  to  express  the  acidity  of  the  gastric  juice  as  eqiuTaleat 
to  n  grm.  of  HCl  in  100  or  1000  parts. 

In  order  to  make  the  determination  there  are  required: 

(1)  A  burette  say  of  30  or  50  c.c,  divided  into  tenths  of  a  culic 
centimetre. 

(2)  A  pipette  which  delivers  10  cubic  centimetres ;  it  is  cod 
venient  to  have  a  second  which  delivers  5  ex. 

(3)  Beakers. 

(4)  A  deciuormal  stilution  of  sodium  hydrate. 

(5)  A  neutral  solution  of  litmus  (see  Vol  I.,  p.  176). 

Process.  The  burette  is  filled  to  the  top  of  the  graduation  with 
the  decinormal  soda  solution.  10  c.c.  of  the  gastric  juice  of  which 
the  acidity  is  to  be  determined  are  placed  in  a  beaker,  and  1  cc 
of  the  perfectly  neutral  solution  of  litmus  added. 

The  solution  of  caustic  soda  is  then  allowed  to  flow  in  until  ibe 
red  litmus  is  changed  to  blue.  The  volume  of  the  soda  solution 
used  is  then  determined.  If  n  be  the  number  of  cubic  centimetres 
of  decinormal  soda  used,  and  x  the  amount  of  acid  expressed  as  HO 
in  1  litre  of  the  gastric  juice, 

x=n  X  0  00365  x  100. 
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5.     Determination  of  the  presence  of  free  Hydrochloric  Acid,  hj 

Colour  Tests. 

Test  separate  small  quantities  of  the  gastric  juice  or  of  the  fluid 
filtered  from  the  contents  of  tbe  stomach  with  the  various  reageoU 
described  in  the  text  (see  page  92,  et  seq.\  but  especially  with 
alcoholic  solution  of  00  Tropaeolin  (see  p.  94). 
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[The  following  is  a  reprint  of  the  directions  for  experiments  on  the 
<Iet^4:tion  of  small  quantities  of  acids,  and  on  the  iiction  of  acid,  alkali  and 
poptoue  in  modifying  the  action  of  ptyalin,  dmwn  up  by  Mr  J.  N.  Langley, 
P.  R,8.,  for  the  u»e  of  students  attending  his  advanced  Practical  Oonrso 
fin  the  Univeraity  of  Cambridge: 

'2.     Detection   of  aitudl  aviounU   of  free   HCL      Tropaeolin   00  is 
i^ed  in  colour  much  more  rapidly  by  free  acidn  than  by  acid  cotnbina- 
ms,  so  that  whilst  small  quantities  of  either  give  an  acid  reaction  with 
jlitaiiis,  an  acid  reaction  with  trojiaeolin  00  is  given  by  the  former  only. 

**(<»)  The  most  dclicaU-  method  of  detecting  siaall  quantities  of  free 
ftoid  is  the  following  :  a  saturated  solution  of  tropaeolin  00  is  made  in 
istrong  spirit,  a  drop  of  this  is  evaporated  on  a  porcelain  plate  which  is 
r,|iUceii  ill  a  chamber  at  about  40°  C,  and  to  the  dried  tropaeolin  is  added 
stnall  drop  of  the  Huid  supponed  to  contain  free  acid  ;  at  once,  or  as  the 
ttuid  evaporates,  the  yellow  tropaeolin  becomes  of  a  violet  or  purple  tint  if 
'free  acid  is  present.     HCl  0'005  p.c.  can  tints  be  detected. 

**  (A)  When  the  percentage  of  HCl  is  somewhat  greater  than  tliis,  it  is 
simpler  to  pour  a  little  of  the  solution  into  a  test  tube,  containing  a  small 
UQoant  of  a  saturated  aqueous  solution  of  tropaeolin  OO,  when  the  yellow 
colour  is  changed  to  orange.  About  0*01  p.c.  HCl  and  0*06  p.c.  lactic  acid 
QUI  thus  be  detected  :  the  colour  produced  by  lactic  acid  is  removed  by 
ether,  that  produced  by  HCl  is  not,  unless  the  amount  of  HOI  be  very 
small . 

"  (c)  Paper  soaked  in  trojmeolin  00  and  dried  becomes  brownish  and, 
on  drying,  lilac  or  violet  when  a  drop  containing  free  acid  is  placed  ou  it. 

"3.  Methyl-violet  is  also  used  by  method  (6)  to  detect  small  quanti- 
>tifs  of  free  acid,  this  colour  is  changed  to  blue  in  the  presence  of  not  less 
than  0*05  p.c  of  HCl  or  0*5  p.c.  of  lactic  acid. 

"4.  To  a  few  c.c.  of  001  p.c.  of  HCl,  a  drop  of  which  gives  a  bright 
violet  mark  with  tropaeolin  OO  (method  n),  add  a  little  peptone,  the 
tuixUtre  gives  no  acid  reaction  with  tropaeoliu  ;  a  similar  result  is  pro- 
duced by  adding  serum,  or  white  of  egg,  probably  in  consequence  of  the 
gjobultn  in  these  fluids  j  myosin  and  certain  other  proteids  act  in  the  same 
Burner. 

"5.  Take  10  c.c.  of  1  p.c.  solution  of  peptone,  it  will  probably  be 
to  litmus ;  if  so,  neutralise  it  with  Na^CO^  noting  the  volume  added. 
id  HCl,  O'l  p.c.,  from  a  burette,  until  a  drop  of  the  mixture  gives  a 
violet  mark  with  tropaeolin  00 ;  the  mixture  then  contains  0  005  p.c.  of 
free  HCl.  The  amount  of  HCl  added,  minus  the  amount  of  free  HCl, 
give«  the  amount  of  the  acid  which  has  combined  with  the  [jeptone  ;  from 
thU,  the  percentage  of  HCl  taken  up  by  the  peptone  should  be  calculated 
thus:  sujipoee  5  c.c.  of  HCl  (*!  p.c.)  is  the  amount  taken  up  by  the  peptone, 

^       ..  .        .    5x'l      100     ^ 

then  the  percentage  is  ^ — .  k  -r-  =  5. 

'*  6.     Effect  of  acidf  alkali,  and  peptone  slightly  aeidj  on  ptyaUn. 

•*The  ptyalin  solution  may  be  prepared  tlius  ; 

"  (a)  Chop  up  a  ptyalin  containing  salivary  gland,  e,g.  the  parotid 
of  a  rabbit,  add  about  100  c,c.  of  water,  leave  at  39"  C.  for  an  hour  or  two. 
Pilter,  neutralise,  and,  if  necessary,  filter  again.  (6)  Neutralise  freshly 
eoUected  saliva,  dilute  10  times  and  filter. 

12—2 
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"Take 

PtyaUn 
Solution 

Water. 
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3  P.O. 

0) 

lOcc. 

+  8  CO. 

+ 

2c.c 

(2) 

»» 

+  Zee 

+ 

tt 

(3) 

*i 

+  Occ. 

+ 

»i 

W 

If 

+  3c.c 

+ 

II 

+  5c.c.  of  HCl(0-2p.c). 

+  2*5  cc.  HCl  (0*4  p.c,)  +  5-5  c.c.  boL  of  pep 

tone  (10p.c.) 
+  5  ce.  Na^CO,  sol  (02  p.c). 


"  (a)  and  (&)  should  be  measured  out  in  different  sets  of  test  tubes  snd 
tbe  (6}s  added  to  the  respective  (a)H  as  nearly  as  possible  at  the  same  timft 
(Thia  should  be  done  in  all  similar  experiments.) 

"  Place  tbe  test  tubes  in  a  water  bath  at  about  39'  C,  and  from  time  to 
time  take  a  drop  from  each,  and  add  a  drop  of  rather  dilute  iodine  solution 
on  a  porcelain  plate.  As  the  starch  passes  through  soluble  starch,  nnd 
dextrin  to  achro-dextrin  and  sugar,  the  colour  of  the  mixed  drops  l»econi« 
a  transparent  blue,  then  passes  into  violet,  red-brown,  light  yellow,  aad 
6nally  iodine  gives  no  colour  reaction  with  the  solution.  At  any  stage  « 
definite  fK)rtion  may  be  taken  from  each  solution  and  tested  for  sugar.  It 
will  be  found  thut  the  conversion  of  starch  to  sugar  is  rapid  in  (1)  and  (S), 
slower  in  (4)  and  hardly  takes  place  at  all  in  (2).  In  a  similar  way  it  may 
bo  shown  that  |M^ptone  saturated  with  acid  almost  or  entirely  prevents  tke 
Action  of  ptj&lin  on  starch."] 


6.     Detemiimition  of  the  amount  of  free  Hydrochloric  preatni 
(Ricbet's*  Modification  of  Schmidt's  Method). 

Divide  the  gastric  juice  in  four  portions,  which  are  to  be  accu 
rately  weighed. 

a.  lu  the  first,  determine  the  acidity  expressed  as  HCl  by 
titration  with  decinormal  solution  of  soda. 

b.  To  tbe  second,  add  pure  nitric  acid  and  then  solution  o^ 
silver  nitrate.  Collect  the  silver  chloride,  wash,  dry,  ignite,  aii<i 
weigh,  and  thus  determine  the  total  chlorine. 

c.  To  tbe  third,  add  a  little  sulphuric  acid,  evaporate  to  dryness, 
ignite  and  weigh.  Assume  that  the  substance  weighed,  which  con- 
sists of  the  sulphates  of  all  tbe  bases  present,  is  composed  entirely 
of  sodium  sulphate ;  calculate  on  this  assumption  the  amount  of 
sodium  present,  and  therefore  tbe  amount  of  chlorine  which  would 
be  required  to  combine  with  the  bases  present  on  this  assump- 
tion. 

d.  The  fourth  is  mixed  with  a  boiled  out  solution  of  potassium  or 
sodium  hydrate,  and  placed  under  a  bell-jar,  together  with  a  capsule 
containing  a  measured  volume  of  very  dilute  standard  sulphuric 
acid.  Alter  three  or  four  days,  the  acidity  of  the  standard  acid  is 
determined,  and  from  the  diminution  which  baa  occurred,  the  amount 
of  ammonia  which  has  been  evolved  by  the  gastric  juice  is 
tained. 

^  Biohet.  Dtt  Sve  Oa«lngvtf,  p.  33. 
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Id  calculating  the  results,  all  the  ammonia  found  is  calculated 
existing  in  combination  with  chlorine     The  amount  of  chlorine 
"which  was  required  to  combine  with  ammonia  and  with  the  other 
l)a8ea  (See  c),  reckoned  oa  sodium,  is  then  found,  and  is  deducted 
from  the  total  amount  of  chlorine  found  by  operation  b.     The  differ- 
ence  represents  the   chlorine   existing  as   free  HCl,  of  which  the 
unt  is  then  calculated. 

The  process  above  described  is  one  which  should  not  be  under- 

en  by  any  one  who  is  not  thoroughly  familiar  with  the  methods 

of  inorganic  analysis.     This  remark  applies  still  more  forcibly  to 

the  original  process  of  Carl  Schmidt,  for  which  the  reader  is  referred 

to  the  original  memoir'. 

7.  Determination  of  the  proportion  of  acids  soluble  in  water  and  ether. 

It   hsa   been   stated   (p.   96)  that  valuable   information   as  to 

the  nature  of  the  acid  of  the  gastric  juice  has  been  obtained  by 

chel  by  employing  Berthclot's  method  of  determining  the  so-called 

~cient  de  pariage. 

For  carrying  out  this  method  there  are  required, 

(1)  An  accurately  graduated  burette. 

(2)  A  pipette  which  delivers  say  25  c.c. 

(3)  Two  pipettes  which  deliver  10  c.c.  To  the  upper  end  of 
one  &t  least  of  these  pipettes  is  attached  an  india-rubber  tube  with  a 
pioch-cock. 

(i)  One  or  two  bottles  with  accurately  ground  stoppers. 

(5)  Pure  ether. 

(6)  Absolute  alcohol. 

(7)  Standard  normal  solution  of  soda. 

(8)  Litmus  solution. 

(9)  Beakers. 

Process.  As  much  of  the  gastric  juice  as  can  be  spared,  say  25  or 
50  C.C.,  is  placed  in  the  glass  bottle,  and  there  is  then  added  to  it  an 
oqunl  volume  of  pure  ether.  This  must  be  free  from  acid  reaction, 
ud  it  must  have  been  shaken  with  distilled  water  so  as  to  saturate  it 
vitb  water. 

The  temperature  of  the  liquid  in  the  bottle  is  taken,  and  then  the 
onitents  are  subjected  to  a  series  of  vigorous  agitations,  which  may  be 
counted;  500  suffice.  The  temperature  is  again  taken,  and  for  prac- 
tical purposes  the  mean  of  the  two  readings  (i.e.  of  that  before  and 
that  after  the  agitation)  may  be  taken  as  indicating  the  temperature 
during  the  experiment.  The  bottle  is  then  set  aside  for  a  few 
minutes,  and  a  measured  volume,  say  10  ex.,  of  the  lower  watery 
stratum,  and  an  equal  volume  of  the  upper  ethereal  solution  are 
cirefuUy  withdrawn  by  the  aid  of  the  two  pipettes  previously  referred 
to  as  fitted  with  india-rubber  tubes  and  pinch-cocks.     The  acidity 

•  Bidder  nnd  Schmidt,   Die  Verdauunggtfifte   nnd  tier  StoffweekseU      Mitaa  and 
Leipiig.  1B59,  p.  44. 
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of  the  liquids  is  determined  with  the  aid  of  a  decinormal  solution 
baryta  or  soda ;  the  former  is  preferred  by  Berthelot  and  Richet, 
for  reasons  which  do  not  appear  sufficient. 

The  'coefficient  de  partage'  is  found  by  dividing  the  volume 
standard  alkaline  solution  required  to  neutralize  a  given  volume,  aj 
10  c.c.  of  the  aqueous,  by  the  volume  required  to  neutralize  an  e<|iu 
volume  of  the  ethereal  solution. 

Before  determining  the  acidity  of  the  ether,  the  liquid  is  dilut 
with    say    10  c.c.    of  absolute   alcohol ;   there   is   thus   obtained 
alcoholic-ethereal  liquid  which  is  miscible  with  water. 

After  the  first  determination,  the  process  of  shaking  the  gaal 
juice  and  ether  may  be  repeated  a  second  or  even  a  third  time, 
also  tlie  titrations. 

In  cases  where  the  exact  '  coefficient  de  partage  *  of   the  ici 
soluble  in  ether  is  desired,  the  ethereal  liquid  obtained  by  agitatic 
should  be*  shaken  with   water  and  the  coefficient   be    again  det 
mined. 

8.     Determination  of  the  Peptic  activity  of  different  samplei  of 
Pepsin  or  of  Solutions  containing  Pepsin, 

As  we  cannot  separate  pure  pepsin  so  as  to  ascertain  its  amoui 
we  are  obliged  to  ju<lge  of  the  relative  richness  in  pepsin  of  diffei 
preparations  by  determining  their  relative  activity.     We  may  do 
either  by  observing  the  relative  amounts  of  a  proteid  which  can 
dissolved  in  a  given  time,  or  by  determining  the  relative  times 
pied  in  the  solution  of  a  given  amount  of  proteid. 

Method  of  I"  this  as  in  all  other  cases,  a  digestive  liquid  mn^ 

Bidder    and    be  first  made  by  mixing  a  known  weight  or  volurafiof 

Bchmidt  and    efjQh  of  the  preparations  under  examination  with 

othora.  containing  either  one  or  two  parts  of  HCl  per  lOOO. 

The  same  volume  of  each  digestive  liquid  is  taken  and  placed  lu 

an  incubator,  and  to  each  there  is  theu  added  the  same  weight  of  hanJ- 

boiled  white  of  egg  cut  in  pieces  of  approximately  the  swimc  size  ami 

shape.    A  portion  of  the  same  sample  of  boiled  white  of  egg  is  ana 

lysed  so  as  to  determine  the  proportion  of  solid  matter  which  ii 

contains.     After,  say  24  hours,  the  liquids  are  filtered  and  the  uh' 

gcsted  white  of  egg  in  each  case  is  dried  and  weighed.     In  this 

is  found  the  amount  of  albumin  \vhich  has  been   dissolved  in 

case,  and  this  will  represent  the  relative  peptic  activities  of  the  pT^ 

paration  employed. 

Brftcke's  A  known  weight  or  volume  of  the  preparations 

matliod.  to  be  compared  is  mixed  with  water  and  hydrochloric 

acid,  so  as  to  yield  solutions  which  contain  exactly  1  part  of  HCl  in 
1000.  At  the  same  time  an  aqueous  solution  of  HCl  of  the  same 
strength  is  prepared.  Seven  mixtures  of  each  of  the  digestive  liquids 
with  various  proportions  of  the  acidulated  water  are  then  made  and 
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placed  in  seven  separate  vessels,  the  proportion  of  digestive  liquid  to 
water  beiDg  arraoged  as  follows : — 

(1)  16:0,      (2)8:8,      (3)4:12.      (4)2:14,      (5)1:15, 
(6)05:15*5,      (7)  0-25:15  7. 
Thus  if  we  bad  n  samples  of  pepstu  to  examiuei  we  should  have 
n  seta  of  seven  vessels,  eacn  set  containing  the  dilutions  according  to 
the  above  plan. 

Now,  into  each  of  the  vessels  is  placed  a  flocculus  of  well-washed 
I,  Mood-fibrin,  and  all  are  placed  in  au  iucubatur  at  about  40*  C. 
^^k  The  vessels  are  then  closely  observed  in  order  to  fiud  those  of 
^^Bb  different  sets  in  which  digestion  has  proceeded  to  the  same  ex- 
^^Bit  If  we  had,  for  instance,  two  sets  A  and  B,  and  we  found 
^Hat  in  vessel  1  of  set  il  digestion  occurred  in  the  same  time  as  in 
^■BBBel  2  of  set  B,  we  should  conclude  that  the  digestive  activity,  which 
19,  within  wide  limits,  proportional  to  the  quantity  of  pepsin,  of  B 
was  twice  as  great  as  that  of  A. 

For  all  the  precautions  to  be  followed  in  employing  this  method 

the  readier  is  referred  to  the  description  given  by  its  author^  it  has 

now  been  generally  superseded  by  the  methods  to  be  described  below. 

QrtahAse&'i         Well  washed  blood-tibriu  is  placed  for  several  hours 

■"■*<>**•  in  water  containing  two  parts  of  HCl  per  litre.     When 

tbe  fibrin  has  swollen,  it  is  placed  upon  filters  to  drain.     If  several 

lolutious  of  pepsin  have  to  be  examined,  a  given  weight  of  the  swollen 

fibrin  is  placed  upon  as  many  filters  as  there  are  Rolutioiis,  and  then  a 

measured  volume,  say  1  c.c,  of  each  of  the  liquids  is  poured  over  the 

cijntents  of  a  corresponding  funnel.     After  some  minutes,  the  contents 

of  tbe  funnel  begin  to  dissolve,  as  is  evidenced  by  liquid  beginning  to 

drop  from  the  funnel.     The  relative  peptic  activity  may  be  judged  of 

by  counting  the  drops  which  fall  in  a  given  time,  or  by  the  volume  of 

liquid  which  is  collected  in  a  given  time,  or  by  tbe  time  occupied  in 

the  complete  liquefaction  of  the  whole  mass. 

Thus,  to  take  an  example.     In  one  of  v.  Wittich'ft  experiments', 

IB  which  he  was  compariog  the  relative  richness  in  pepsin  of  a  gly- 

OBTia  extract  of  the   mucous  menkbrane   of  the  fundus  and   of  the 

pylorus,  designating  the  first  1  and  the  second  2  :  he  added  1  c.c.  of 

<be  extract  in  each  case   to  swollen   Hbriu    placed  in   two    funnels, 

^hich  were  maintained  at  the  temperature  of  the  room.  In  1  (fundus) 

Koppiog  began  in  two  minutes,  and  at  tbe  end  of  two  hours  13  c.c.  of 

Ttud  had  been  collected.  In  2  (pylorus)  dropping  began  in  ten  minutes. 

**i  at  the  end  of  two  hours  4;'a  c.c.  of  duid  had  been  collected. 

Ortitiiier*B  Althougli  no  very  accurate  way  of  testing  the  rela- 

awUiod.  j-^^  amounts  of  pepsin  contained  in  two  extracts  exists, 

Dk  aae  which  is  most  generally  useful  is  Griitzner's  Colon  metric 

'  BrQeke,  *Vorle*imgen,'  "QuiLtititatiTe  Bestimmung  dea  Pepsins,"  p.  30*2  et  seq. 

'  Orflnhi^en,  "Neue  Methode  die  Wirkung  de»  MageQ-Pepain  zu  vcmuscbauUoheo 
«ndzD  mcesen."     PfluKcr's  Archir,  Vol.  v.  (1S72),  p.  203. 

*  r.  Wittich,  "Daa  Pepsin  und  seine  Wirkung  auf  Blntfibrin."  Pfltlger'a  ArehiVt 
fol.  f.  p.  135. 
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Method.  The  directions  for  carrying  out,  which  follow,  are  quoted 
verbatim  from  those  drawn  up  by  Mr  Langley  for  the  use  of  his  Ad- 
vanced Practical  Class. 

"  Wash  freshly  collected  fibrin  in  a  stream  of  water  flowing  from  I 
a  tap  for  5  or  10  minutes  and  chop  into  small  pieces;  place  tbeaj 
iu  a  large  quantity  of  water  uutil  the  next  day,  when  any  pieoei' 
which  are  still  coloured  with  haemoglobin,  or  which  have  clumps  of 
fatty  matter  adhering  to  them,  should  be  thrown  away. 

"Place  the  fibrin  in  carmine  prepared  thus; — to  1  grm.  of 
add  I  c.c.  of  ammonia,  mix  well  and  add  400  c.c.  of  water,  and  stii 
If  the  mixture  smells  strongly  of  ammonia  it  should  be  placed  asic 
until  it  ceases  to  do  so. 

"  The  fibrin  should  be  steeped  in  the  carmine  solution  for  a  dayf 
when  the  carmine  solution  should  be  poured  off  and  the  fibrin  well 
washed  in  water.  (Unless  the  quantity  of  fibrin  placed  in  the  cannine 
solution  has  been  very  large,  the  latter  may  serve  again.)  The  fibrin 
is  then  ready  for  use.  To  preserve  it,  it  is  thoroughly  pressed  »o»s 
to  squeeze  out  the  water,  and  then  placed  in  a  bottle  with  a  small 
quantity  of  ether,  which  is  shaken  up  with  it.  By  the  action  of  the 
ether  the  fibrin  becomes  somewhat  less  soluble  in  gastric  juice  than 
when  freshj  but  it  is  still  readily  dissolved.  Before  the  fibrin  is  used 
the  ether  should  be  washed  away  with  water.  When  it  gives  up 
more  than  a  trace  of  colour  to  dilute  hydrochloric  acid,  on  warming, 
it  should  be  thrown  away. 

"  When  an  experiment  is  to  be  made,  a  small  quantity  of  the 
stained  fibrin  should  be  placed  in  about  five  times  its  volume  of  HCl 
(0'02  per  cent.)  at  about   So'^C:  in  30  to  60  minutes  it  will  havaj 
swollen  up;  the  excess  of  acid  should  then  be  poured  off",  and  equi 
quantities  of  fibrin  measured  out  in  glass  tubes  containing  exactly  l, 
2,  or  more  c.c.  as  required. 

"Having  then  added  the  same  quantity  of  fibrin  to  equal  bulks  of 
the  acid  and  pepsin  containing  extracts,  a  small  difference  in  the 
amount  of  fibnn  dissolved,  i.e.  in  the  pepsin  content  of  the  fluids,  is 
shewn  by  their  different  tints.  A  convenient  way  of  writing  down 
the  result*  for  future  reference  is  to  note  every  five  minutes  wliicti 
numbers  of  a  aeries  of  st-andard  carmine  solutions  have  the  same  tint] 
as  the  several  digesting  mixtures.  The  digesting  mixtures  mu3t 
course  be  shaken  before  they  are  compared  with  the  standard  solu- 
tions. 

"Tlie  standard  carmine  solutions  are  thus  prepared: 
"  To  O'l  gram,  carmine  add  from  burette  O'l  c.c.  of  ammonia,  nirt' 
well,  and  a<ia  100  cc.  of  glycerin.     Put  into  a  stoppered  bottle  and 
keep  in  the  dork. 

"To  6  c.c.  of  the  01  p.  c.  carmine  solution  add  54  c.c.  of  w.iter. 
To  the  test  tubes  add  1,  2.  3,  4,  5,  6.  7,  8.  9.  10  c.c.  respectively 
of  the  dilute  solution  by  carmine,  filling  up  each  test  tube  to 
20  cc.  with  water.  Thus  the  test  tubes  contain  respectively  Ol, 
0'2 1  cc.  of  the  original  carmine  solution.     The  colour  of  thes^ 
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ited  solutions  fades  with  time ;  this  is  somewhat  delayed,  however, 
corking  the  test  tubes  and  keeping  them  in  the  dark. 
"  When  extracts  which  dissolve  fibrin  rapidly  appear  to  dissolve  it 
nearly  the  same  rale,  they  should  be  diluted  aud  again  tested, 
len  a  distinct  difference  in  the  amount  of  pepsin  may  sometimes  be 
irtained.  In  these  experiments,  teat  tubes  of  the  same  diameter 
ist  be  used,  and  the  conditions,  as  to  temperature  aud  percentage 
acid  employed,  must  be  the  same. 

"  In  order  to  find  out  how  much  more  pepsin  one  extract  contains 
another,  the    extract    which  has  been  found  to  contain  more 
}peiD  should  be  diluted  until  it  digests  at  tlie  same  rate  as  the  other 
"extract;  the  dilution  may  conveniently  be  carried  out  thus: — 

"Supposing  there  are  two  extracts,  of  which  the  one  a  contains 
lore  pepsin  than  the  other  6. 

Take  2  ac.  of  a +  18  c.c.  of  dil.  HCl  (02  p.  c).  and  mix  in  a 
ler:  of  this  put  10  c.c.  in  test  tube  (I). 
•'Add  10  cc  of  the  same  HCl  to  fluid  in  beaker,  and  of  this  put 
10  Gc.  in  test  tube  (2). 

Add  10  cc.  of  the  same  HCl  to  tlie  fluid  in  the  beaker,  and  of 
is  put  10  c.c.  in  test  tube  (3),  and  proceed  in  the  same  way  as  far 
may  be  considered  necessary. 

"Test  tubes  (1),  (2),  (3)  contain  1  c.c,  Oo  c.c,  0'25  c.c,  respectively, 
of  extract  a. 

"Take  2  c.c.  of  extract  6  +  8  c.c.  of  dilute  HCl  (OS  p.  c).  Add  to 
thb  and  to  each  of  the  various  pepsin  solutions  made  with  extracts  a, 
1  C.C.  of  carmine-stained  and  already  swollen  fibrin  (which  has 
been  previously  measured  and  placed  aside  in  watch  glasses),  note 
which  of  the  (a)  mixtures  digests  at  the  same  rate  as  (6) ;  if,  for 
ixunple,  the  (a)  mixture  in  test  tube  (3)  digests  at  the  same  rate 
{b),  then  the  original  (a)  extract  contains  eight  times  as  much 
'Tfepsin  as  (b). 

'"i.  In  comparing  the  amount  of  pepsin  which  can  be  extracted 
from  equal  weights  of  different  stomachs,  or  of  different  parts  of  any 
rae  stomach,  the  mucous  membrane  should  be  rapidly  washed  with 
Salt  solution,  and  the  Sidt  solution  then  sopped  up  with  blotting 
iper.  The  stomach  should,  then,  be  Hpread  out  on  glass  and  the 
luscular  coat  removed;  the  mucous  membrane  should  then  be  dried 
irsi  at  about  2.5''  C.  and  then  rjver  sulphuric  acid.  Weighed  portions 
of  mucoUH  membrane  should  then  bo  cut  into  small  pieces  and  treated 
*ith  a  2  p.  c  HCl,  in  the  proportion  of  500  c.c.  of  the  diluted  acid  for 
each  gramme  of  dried  mucous  membrane.  Digestion  should  be 
^loKed  to  go  on  at  38°  C.  for  one  day  (thovigh  much  the  greater  part 
**ftLe  pepsin  is  extracted  in  two  or  three  hours),  the  mixture  then 
Wtered,  and  the  amount  of  pepsin  in  the  filtrate  determined.  If 
there  is  any  appreciable  residue  left  on  the  filter,  this  may  again  be 
treated  as  before  with  HCl.  &c. 

"3.     Compare  the  amounts  of  pepsin  that  can  be  extracted  from 
the  gastric  raucous  membrane  of  guinea-pig  or  rabbit  (1)  taken  from 
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the  fundus.  (2)  takeu  from  the  middle  of  the  greater  cnrvatnt 
(8)  taken  from  the  pyloruB." 


9.     ExperivienU  on  Pepsinogen  and  Pepsin;    on    Rennet   Zymo^n 
and  Rennet  Ferment. 

Tlie  followiug  experimeuta  are  taken  from  Langley*8  Directions  for  lui 
Pra/?tical  Advanced  Classes : 

(1)  "  Preparaiion  of  Extracts  containing  Pepgm  and  Ptptina^ 
Fi'e]>iire  an  aqueous  extract  of  a  fresh  gastric  mucous  membrane  from  a 
hungry  animal. 

Tlie  Htoiiiach  should  be  taken  as  soon  as  poHHible  after  the  death  nf  the 
animal  aud  washed  with  solution  of  NajCOa  (0*01  p.c),  chopped  up,  plawi 
in  a  mortar  with  about  120c.c.  of  water,  tind  i*epeatetlly  ground.  In  yf- 
anhour  to  uu  hour  the  extract  may  be  strained  and  filtered.  Take  50c.c. 
of  the  filtered  extract,  add  5c.c.  HCi  1  p.c.  Warm  for  half-an-liour. 
neutralise  with  xc.e.  of  0*2  px.  Holution  of  NasCO,.  Label  this  Pepei£- 
extract  Take  50c.c.  of  the  filtered  extract,  add  to  it  a  mixture  of 
Sec  HCI  (I  p.c.)  and  a;c.c.  NagCO,.     Label  this  Pepsi nugeu-ex tract. 


""  (2)     Effect  of  NigCO,  on  Pepsin. 
"Take 


Pepsin 

extract. 

5  C.C. 


W«t«r. 

5c.a 
4  CO. 
Oca 


Sol.  of  Na,00, 
(2  p.c). 
0 

*5cc. 
5  c.c. 


.neutral. 
.Ip.c.  Na,CO^ 
.  1  p.a  Na,CO, 


"  Shake  and  leave  for  5  ininutea 


"Mix  in  three  other  test-tubes;  x  l>eing 
required  to  neutrali.se  ft  c.c.  of  NaaCOa  {2  p.c). 

Sol  ofNA^CO, 

(8  P.O.) 

0^.  5  ca  +  X 

h'»  4 '5  c.c  +  X 

0*.  0  +  jc 


HCI  (1  P.O.) 


the  number  of  c.c  of  HClj 


fill  up  each  to  15  cc,  with 
water.  J 


"Add  a\  b't  c  to  a,bf  c  respectively;  each  should  now  be  neutral.    To 
10  c.c.  of  each  mixture  add  5  c.c.  HCI  (*6  p.c.)  and  2c.a  swollen  carmine- 
stained  fibrin.     Place  at  39"  C.  and  observe  the  rate  of  solution  of  the 
fibrin.     In  a  tlio  aohition  will  be  rapid,  less  rapid  in  fe,  very  slow  in  ^ 
sliewing  that  i>epsiu  is  rapidly  ilestroyed  by  sodium  carbonate  (1  p.c).       ■ 

**  3.  Pt^jyttinoi/en.  Kepcat  the  previouH  exi>erinient,  using  the  pepsm- 
ogen  extract  instead  of  the  i)epsin-ex tract.  Tlierc  will  be  very  little  differ- 
ence in  the  rates  of  digestion  in  a,  6,  and  c,  probably  it  will  be  rather 
slower  in  c  than  in  the  other  two.  This  may  arise  either  from  a  slight 
destruction  of  pepsinogen^  or  from  a  destruction  of  pepsin  formed  in  p»- 
jMiring  the  extract,  or  |K>ssibty  of  pppHin  originally  pi*eaent  in  the  gsfltnff 
mucous  membrane. 
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"i  Rerm^Fmrment  Use  the  pepsin-extract  prepared  in  (1).  It  is 
best  to  neatraUse  the  milk  employed. 

"I^e  (1)  5  C.C.  extract  +  5  c.c.  of  milk 

(2)  „         „       +  2-5        „         +  2-6  CO.  of  water 

(3)  „         „       +1  „         +4  CO.       „ 

"Flaoe  at  39*  C.  The  clot  is  firmeri  and  earlier  formed  the  less  diluted 
the  milk. 

^'5.  Jiennet-Zymogen,  Use  the  pepsinogen-extract  prepared  in  1. 
With  this  repeat  the  experiments  described  under  4. 

*'No  clotting  will  ti^e  place  until  the  fluid  becomes  acid  from  the  con- 
Tendon  of  milk  sugar  to  lactic  acid. 

"6^  By  experiments  similar  to  those  given  for  pepsin,  it  may  be  shewn 
tUt  rennet  ferment  is  rapidly  destroyed  by  Ka|0O,,  and  that  rennet- 
^ogen  is  comparatively  slowly  destroyed  by  it." 


CHAPTER  rtl. 


THE   PANCREAS   IN   ITS   KELATION   TO   THE   PAN- 
CREATIC JUICE.    PANCREATIC   DIGESTION. 


Sect.  1.    Introductory  Observations  concerning  some  points. 
IN  THE  Anatomy  akd  Physiology  of  the  Pancrkas. 


The  Pancreas  is  a  gland  which  secretes  an  alkaline  juice  and 
which  empties  itself  into  the  upper  portion  of  the  small  intestine. 

In  addition  to  this  more  obvious  function,  the  pancreas  plays  a 
remarkable,  and  as  yet  incompletely  understood,  part  in  relation  to 
the  transformations  of  sugar  in  the  animal  economy.  The  hdB 
which  bear  on  this  function  will  be  discussed  in  a  subsequent  part  of 
this  work. 

The  Pancreas  exists  in  all  air-breathing  vertebrates — in  mam- 
mals, birds,  reptiles — and  in  many,  though  by  no  means  in  all,  fishes. 

Although  it  has  been  usual  to  say  that  the  pancreas  does  not 
exist  in  invertebrates,  it  would  appear  from  the  recent  researches  of 
Krukenberg  and  others  that  a  glandular  organ  which  is  the  physio- 
logical analogue  of  the  pancreas  is  widely  distributed  throughout 
invertebrates. 

The  Pancrea-i  is  a  long  narrow  gland  of  a  reddish  cream  colour, 
which  during  life  varies  in  tint,  being  pale  when  inactive,  but  turgkl 
and  roseate  in  hue  whilst  secretion  is  proceeding.  In  man  the  oi^ 
lies  'across  the  posterior  wall  of  the  abdomen,  behind  the  stomach 
and  opposite  the  first  lumbar  vertebra.  Its  larger  end,  the  head, 
turned  to  the  right,  is  embraced  by  the  curvature  of  the  duixiennra, 
whilst  its  left  or  narrow  extremity,  the  tail,  reaches  to  a  somewhat 
higher  level  and  is  in  contact  with  the  spleen.* 

The  normal  arrangement  is  that  there  exist  two  pancreatic  ducts. 
One  very  much  larger  than  the  other,  the  pancreatic  duct,  properla 
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«o  caUed,  or  Duct  of  Wirsung^,  empties  itself,  in  man,  into  the  duo- 
denum between  three  and  four  iuchea  below  the  pylorus  by  an  orifice 
common  to  it  and  to  the  common  bile-duct;  the  second,  very  small, 
accessory  pancreatic  duct,  communicates  with  the  first  by  one  or 
more  anastomosing  branches  and  usually  has  n  separate  opening  into 
the  duodenum.  In  most  animals  the  chief  duct  of  the  pancreaa 
opens  into  the  intestines  with,  or  very  near  to,  the  opening  of  the 
common  bile-duct  In  some  animals  however,  as  in  some  monkeys*, 
in  the  ox»  the  guinea-pig,  the  rabbit,  the  principal  duct  empties 
itself  below  the  orifice  of  the  bile  duct.  In  the  last-named  animal 
the  arrangement  has  been  particularly  studied  by  Claude  Bernard, 
who  has  shewn  that  whilst  the  accessory  duct  usually  opens  by  a 
common  orifice  with  the  bile  duct,  the  principal  duct  empties  into 
the  intestine  35  centimetres  below  that  point*. 


Minute  Structure  of  ike  Pancreas^. 


I     The  pancreas  used  to  be  described  as  a  compound  saccular  or 
icemose  gland.    The  observations  of  Latschenberger*  and  Heidenhain 
ave  drawn  attention  to  the  fact,  however,  that  the  pancreas  is  more 
j    properly  a  compound  tubular  gland,  i.e.  if  we  follow  its  branching 
ducts  we  find  them  terminating  in  blind  tubes  and  not  in  sacculated 
recesses. 

The  gland  possesses  a  capsule  of  connective  tissue  whence  proceed 
Upwards  septa  which  penetrate  the  organ  and  support  its  constituent 
lobes  and  lobules.  The  iuterlobular  cuunective  tissue  supports  the 
olood-vessels,  the  nerves,  and  the  lymphatics  of  the  gland. 

Btnicture  of  The  pancreas  possesses  in  most  animals  two,  in  some 

r?*   *^^*    *'    more  than  two,  excretory  ducts.     These  ducts  are  lined 
by  columnar  epithelium,  which  lies  upon  a  basement 
membrane.     On  the  outer  side  of  this  basement  membrane,  there  is 
no  inconsiderable  amount  of  fibrillar  connective  tissue,  and  some  in- 
voluntary muscular  fibre.s.     The  lobar  ducts  communicate  with   the 
excretory   ducts,   the  former   proceeding    outwards    lead    to   intra- 
lobular ducts,  and  these  again  to  so-called  intentiediary  ducts  which 
communicate  directly  with  the  alveolL 

^  Wirsung  was  an  anatomist  of  the  nth  century  who  first  observed  and  deliaeated 
(bepuicreAtic  duct.  He  \a  Raid  to  have  died  by  the  handu  of  nn  a^'^iui^in  in  lti43,  the 
**nii!  jear  in  vhich  he  sent  a  copy  of  his  cngra%*ing  of  the  pancreatic  duct  to  Biolau. 
ClliMk  Bernard,  Le»;om  de  Phjftioloifie  Expfrimrntale,  Vol.  n.  (1866).  p.  171. 

'See  MUne  Edwards,  Le^on*  #ur  la  Phyniologie  tt  iAnatomie  Comparie  (1860), 
VoLti.  p.  511. 

'  Claade  Bernard,  op.  cit.,  pp.  370  and  271. 

'  Is  his  description  of  the  pancreas  the  author  has  followed,  in  several  oases  almost 
nrfaatim.  Professor  Klein'ri  account  in  the  Atlas  of  Uittolagy,  and  Profeasor  Hciden- 
IiAin'i  in  Hermann's  Handhuch  (Vol.  v.  p.  173),  which  is  based  upon  hia  own  and 
Lugerfaans'i  observation  ft. 

mberger,  quoted  by  Heidenhain,  Hermann's  Handbuchf  Vol.  t.  p.  178. 
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The  epithelium  lining  lobar  and  intralobular  ducts  is  compofted 
of  short  columnar  epithelium  cells,  each  with  an  oval  nucleus  near 
the  membrauu  propria  on  which  the  cells  lie.  The  epithelium  cells 
become  shorter  from  the  lobar  t-owards  the  intermediary  ducts.  It 
is  to  be  noted  that  the  epithelial  cells  of  the  ducts  of  the  pancreai 
do  not  exhibit  the  '  rod-like  fibres '  (Klein)  which  are  so  clearly  sees 
in  the  intralobular  ducts  of  the  salivary  glands. 

The  iutennediary  ducts  'are  branched  canals  of  various  lengthfi 
with  a  small  but  distinct  iumeu;  each  consists  of  a  membrana  pro- 
pria, a  continuation  of  the  same  membrane  of  the  intralobular  duct, 
lined  with  a  single  layer  of  Hattened  clear  cells  more  or  less  elon- 
gated, and  each  with  a  flattened  oval  nucleus'  (Klein).  In  some 
cases,  as  in  the  pancreas  of  the  rabbit,  these  tubes  are  very  long, 
in  others  extremely  short,  the  branches  of  the  intralobular  ducts 
appearing  to  pass  almost  immediately  into  the  alveoli. 


I 


Stmcture  of 
the  alveoli. 
The    secrettiLs 

ceUfl, 


The  alveoli  which  open  into  the  intermediiuy 
canals  are  more  or  less  tortuous  tubes  composed  a 
a  delicaU'  basement  membrane  which  is  covered  oa 
its  inner  nide  by  the  |>roper  secreting  cells  which, M 
Heidenhain  aptly  remarks,  possess  specific  peculiarities  which  make 
it  impossible  to  mistake  them  ft>r  the  cells  of  any  other  gUai 
These  cells  are  sometimes  described  as  columnar,  but  they  are  not 
as  regular  as  typical  columnar  epithelium  cells  and  present  much 
more  rounded  outlines.  The  tube  is  su  filled  by  these  cells  that  * 
definite  continuous  lumen  is  not  usually  visible. 


Appearancea         The  appearances  of  the  pancreatic  cells  differ  greatlj 

of  the  cells  In    according:  as  the  gland  has  been  for  many  hours  in- 
fasting  animals.  i  j  •  ttt       in  i 

active  or  h)ng  secreting.     We  shall    at    present  odIj 

deftcribe  the  appearance  of  the  cells  of  the  pancreas  of  the  fasting 

animal. 

Each  cell  presents,  in  its  fresh  living  condition,  a  clear  apparently 
homogeneous  outer  zone,  directed  towards  the  basement  membrane, 
and  a  granular  inner  zone.  The  clear  outer  zone  is  relatively  small, 
only  forming  from  one-eighth  to  one-sixth  of  the  depth  of  the  cell 
Carmine  stains  the  outer,  clear,  zone  easily,  but  scarcely  at  all  tl^_ 
granular  inner  zone.  In  many  animals,  the  cells  are  granular  Mraw^i^B 
only  in  the  fasting  state.  ^^ 

The  outer  zoue  which  in  the  living  cell  appears  homogeneous 
is  not  so  in  reality,  as  we  leaiii  by  the  action  of  perosmic  acid,  or  by 
maceration  for  2  or  3  days  in  solution  of  neutral  ammonium  chrO' 
mate,  which  reveal  the  existence  of  longitudinal  fibrillation. 

At  the  junction  of  the  outer  and  inner  zone  of  the  cells  of 
ffisting  pancreas  is  situated  a  spherical  nucleus    which  is 
H'  at  all,  visible  in  the  living  cell,  but  which  is  stained  by  carmi 
or  logwood. 


Is  of  ^ 
aoaroel^H 


E 

^P  ttero-cheml-  "Water  cauBBH  the  outer  zone  rapidly  to  swell  up 

I     oi   rsAotionfl    whilst  the  granules  of  the  inner  zone  in  great  part 
^nriiT*^^"    l>ecome  indistinct. 

^^P  ''Dilute  solution  of  caustic  potash  or  soda  (containing 

^%lv  O'l  per  cent.)  dissolves  the  granules  almost  instantaneously  and 
ultimately  the  whole  cell. 

"Dilute  acetic  and  mineral  acids  of  all  degrees  of  coucentratioai 
rentier  the  outer  zone  so  turbid,  by  causing  a  granular  precipitate, 
that  the  distinction  between  the  two  zones  of  the  cell  vanishes. 
Glacial  acetic  acid  on  the  other  hand  renders  the  celb  clear»  merely 
allowing  some  fine  granules  to  be  perceived,  whilst  the  nuclei  come 
uul  sharply*.'* 

It  was  remarked  by  Claude  Bernard*  that  the  pancreatic  secreting 
cells  are  dissolved  with  great  ease  by  bile.  This  is  to  be  explained 
fay  the  bile  being  a  liquid  which  permits  tryptic  proteol^'sis  to 
pfoceed  with  ease. 

^V  Vasctdar  and  Nervous  Supply  of  the  Pancreas, 

ygaoaiax  The   pancreas  in  man  receives  branches  from    1st 

*°''^'  the  hepatic  artery,  2nd  the  splenic  artery,  and  3rd  the 

duperior  mesenteric  artery;  tlie  branches  from  these  arteries  f>>rm 
rierous  anastomoses.  A  capillary  network  surrounds  the  ultimatdj 
but  by  no  means  closely,  so  that  often  the  secreting  ceMs  are 
:a  considerable  distance  from  the  nearest  capillaries. 
The  veins  of  the  pancreas  which  run  by  the  side  of  the  arteries 
©mpty  into  the  superior  mesenteric  and  into  the  splenic  veins,  so 
that  all  the  blood  which  leaves  the  organ  has  to  pass  through  the 
liver. 

verroiui  In   man   the   nerves   of  the   pancreas  are  derived 

■■ppiy.  primarily  from  the  solar  plexus,  but  for  the  most  part 

they  are  immediately  derived  from  the  hepatic,  mesenteric,  or 
spleuic  plexuses.  They  first  accompany  the  arteries,  but  after 
reaching  the  substance  of  the  glanJ,  they  follow  a  separate  course. 
According  to  PflU^er  the  fibres  of  the  pancreatic  nerves  are  medul- 
^^itcil.  Kiihne  ana  Lea,  and  Heideuhain,  however,  assert  that  they 
^Bc  uon-medullated.  Besides  nerve  fibres,  ganglion  cells  are  abun- 
dantly scattered  through  the  gland. 
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Sect.  2.    The  Secretion  of  Pancreatic  Juice. 


The  secretion  of  the  pancreatic  juice  is  one  of  those  phenomena 
which  it  is  impossible  to  study  except  with  the  aid  of  experiments 
on  the  lower  animals. 


*  Hddetihain,  Hcrmaun'B  Handhueh,  Bd-  v.  Th.  1,  b,  175. 

•  Ciftude  Bernard,  Le^oiu  de  Fhy$.  Expirlm.  Vol.  u.  p.  486. 


I 
I 


I 


Iter, 
on- 
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Mode  of  establishing  Pancreatic  Fistulae,  m 

•    nrrt  exptt-  The    first   to   observe  the   secretion   of    the   pancreafl 

ilm«at«  of  I>«     juice  waa  De  Gi-aaf,  who  sucoeeded  in  making  a  pancraml 
^**^'  iiatula    and    collecting    pancreatic   juice '.     This   obsenw 

opened  the  duodenum,  iusert»'d  a  quIlI  into  the  pancreatic  duct,  at- 
tached a  dependent  flaak  to  the  qiiiil  and  collected  an  appreciable 
quantity  of  pancreatic  juice  which  be  described  as  clear  and  soniewhtt 
glutinoua,  and  (doubtless  following  the  theoretical  views  of  his  maeicr, 
Franciscus  de  Ja  Bo^  8ylvius)  be  asserted  that  it  had  a  mixed  acid 
saline  taste. 

Many  of  the  older  physiologists  repeated  the  experiment  of  De  Gtu^ 
but  with  comparatively  small  results. 

Claude  Ber-  Claude  Bernard  was  tlie  first  to  study  with  care  andoon- 

nard'i  expert-      plebeuess  the  tiow  of   the   pancreatic  juice    by  the  aid  d 
menta  aad  fistulae*. 

metliod.  The  following  Ls   Bernard's  description  of  the  method 

which  he  employed*: 

"The  dog  to  be  experimented  upon  is  placed  and  firmly  held  upon  iti 
left  side,  and  an  incision  from  seven  to  eight  centimetres  long  is  made  m 
ita  right  hypochondrium,  below  the  borders  of  the  ribs ;  this  iuciuon 
permits  of  the  dumlenuin  and  a  part  of  the  pancreas  being  drawn  out 
The  larger  of  the  two  pancreatic  ducts  is  rapidly  isolated ;  in  the  dog  thn 
duct  opens  obliquely  into  the  duodenum  at  a  point  about  two  uentimetro 
below  the  comtnon  bile  duct. 

"The  pancreatic  duct  is  of  a  mother-of-pearl  colour,  and  is  of  the  rite 
of  a  crow's  quill ;  it  ia  seen  to  be  distended  by  [>ancreatic  juice.  The  dart 
is  opened  with  the  point  of  a  tine  pair  of  scissora.  Immediately,  some  Kig 
drops  of  a  colourless,  limpid,  pancreatic  juice  flow  away;  the  juioe  is 
viscous,  and  the  viscosity  is  such  that  it  does  not  readily  mix  with  tlu- 
blood  which  surrounds  it,  and  that  it  remains  isolated,  much  as  an  oUr 
liquid  or  a  strong  solution  of  gum. 

"  A  small  silver  cannula,  having  approxiomtely  a  diameter  of  £vf 
millimetres  and  a  length  of  ten  to  twelve  centimetres,  is  then  iutrodacsed 
into  the  duct  and  tied  in  witli  a  ligature  which  has  previously  been  pliccd 
beneath  the  duct.  The  duodenum  and  pancreas  are  then  returned  to  th? 
abdomen,  and  the  wound  is  closed  by  sutures,  care  being  taken  that  th? 
free  extremity  of  the  silver  tube  projects.  In  order  to  give  greater  firmneai 
to  the  arrangement,  the  cann\ila  is  attached  to  the  intestinal  wall  by  mew* 
of  a  single  suture,  as  shewn  in  the  subjoined  figure."    (See  Fig.  13,  \t,  192<) 

A  small  bladder  of  caoutchouc  is  then  attached  to  the  cannula  so  u 
to  collect  the  juice  which  is  secreted  after  the  operation.  The  whole 
operative  procedure  occupied  in  Olaude  Bernard's  hands  from  five  to  six 
minutes. 

>  Bcgnior  do  Ora&f,  *  Tract.  Anatom.  Med.  de  sDOoi  paacreatici  natora  et  osu,'  Ims^ 
BaUv.  UCA. 

'  Claude  Bernard,  Archives  de  M€decine,  ttc,  Vol.  19  (Jan.,  1849)  p.  60,  I^e^ttm  ^ 
Phywioloffir  Expirimentalt,  i£c.,  Paris,  1856,  Vol.  ii.  p.  170  et  ueq.,  Le^vns  titr  Ui  U- 
quidti  de  VOrganunw,  Paris,  1859,  Vol.  n.  p.  S37  et  fieq.  Claude  Bernard,  'Mtoiotf* 
sur  le  ponor^B  et  ear  le  rdlc  clu  bug  paocrSatique  dans  les  ph^nani^nes  digeatifit.'  Stif- 
pl6ment  aux  CompUi  li^ndiu  de  VAcadfmie  des  Sciei.cts,  Paris,  1856. 

*  Bernard.  L^foni  de  Phyi*  Kzp.  Voh  ii.  p.  180. 
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The  dog  to  be  subjected  to  operation  must  be  kept 
without  food  for  36  houra  before  the  operation,  and  be 
deeply  luircotized  witli  luurphia.  An  iucLsiou  lit  then  made 
in  the  linea  alba,  midway  between  the  xyphoid  process 
and  the  umbilicus.  The  descending  part  of  the  duodenum 
b  than  drawn  out  so  as  to  bring  into  view  the  adjacent  part  of  the 
INUoreaa,  lu  order  to  find  the  duct,  the  following  distinguishing  character 
■ervea : — At  the  jmrt  where  the  lower  lolw  of  the  pancreas  recedes  from 
tbe  concave  side  of  the  duodenum,  there  is  seen  a  transparent  bridge  of 
mesentery  intervening  between  the  intestine  and  the  gland,  lu  this  is 
mtoftted  a  thick  intestinal  vein. 

Oa  the  upper  side  of  thiit  vein  the  pancreas  is  directly  applied  to  the 

intestine;   between  the  vein  and   the  attached  part  of  the  pancreAs  are 

Attuted  some  coarse  bundles  of  vessels.     Now,  usually,  the  pancreatic  duct 

Tuns  between  the  bundles  of  vessels  and  the  vein  ;   leas  frequently  it  is 

&tiiA(«d  between  the   second   and    third  of    the  above-mentioned  bundles 

flf  veaselB,  whilst  in  unfavourable  cases  the  bundle  is  covered  by  vessels. 

The  length  of  the  duct  is  here  only  a  few  millimetres.     By  the  aid  of 

CRrboIized  ligatures  a  short  gloss  cannula,  hjiving  a  length  of  fn)m  6 — 18 

mill i metres,  is  tied  in  ;    the  cannula  has  attached  to  it  some  thick-walled 

india-rubber  tube.    Tlio  intestine  is  provisionally  attached  to  the  abdominal 

Willi  by  two  loose  ligatures,  one  being  situated  above  and  a  second  below 

Oie  duct,  the  object  being  Uj  secure  adhesion  between  the  intestinal  and  the 

j|dominal  wall.     The  wound  in  the  abdominal  wall  is  closed,  room  being 


FiQ,  13.    Cjlkvula  ihskbtsd  ihto  the  PutcBEATic  Duct  axd  attach&u  to  tub 
iNTKBTnt&L  Wall.    (Bernard,  eee  p.  192.) 

merely  left  for  the  cannula.  The  ligatures  connected  with  the  intestine 
are  removed  after  24  houra,  tlie  sutures  through  the  abdominal  wall 
ah«r  36 — 48  hours.     Almost  invariably  the  cannula  falls  out  in  a  few 


194 


PANCREATIC  FISTULA. 


Metliod  of 
Ludwlg,  em- 
ployed  by  111* 
puplU  Weln- 

Bomsteln^ 


'  Preference  is  given  to  sraull  dogs,  as  in  ibem  the 
duodenum  is  more  easily  reached  from  the  middle  line, 
and  is  not  drawn  so  far  from  it«  natural  ]x>9ition  bj  the 
fistula  OB  in  larger  animals.  The  dog  must  be  kept  fasting 
on  the  day  of  the  operation,  as  the  pancreatic  vessels  an 
full  during  digestion,  and  bleed  easily.  Narcotize  tfag 
animal  by  injecting  opium  into  the  tibial  vein,  and  open  the  abtlomen 
by  an  incision  about  two  centimetres  long  in  the  liuea  alba,  midway  be- 
tween the  eusifonu  cartilage  and  the  umbilicus.  The  duodenum  is  then 
searched  for,  and  drawn  out  of  the  wound  along  with  the  attached  pan- 
creafl,  and  a  thread  looped  round  the  duct.  Instead  of  then  putting  in 
a  cannula,  a  piece  of  lead  wire  is  inserted  into  the  duct,  so  that  one  end 
of  it  passes  into  the  intestine  and  the  other  into  the  gland  to  a  consider 
able  difitancfs.  Tho  middle  part  of  it  is  twisted  together,  and  projecb 
through  the  wound.  Owing  to  the  T  shajje  thus  given  to  tlie  wire,  i1 
cannot  either  slip  out  or  move  about  in  the  duct ;  but  wire  being  choset 
which  does  not  till  it  u]),  the  flow  of  the  jttioe  is  not  hindered.  Thre< 
threads  having  then  been  poased  through  tlio  wall  of  the  duodenum  neaj 
the  duct,  the  intestine  and  omentum  are  replaced  in  the  abdomen,  and  Ui« 
duodenum  fastened  by  the  threads  to  the  abdominal  wall.  The  wound  u 
then  sewed  up,  care  being  taken  that  the  twisted  i>art  of  the  Irad  wiw 
passes  through  the  wound.  Twenty-four  hour8  after  the  operation,  th* 
stitches  are  taken  out,  but  the  wirn  left;  in.  In  two  or  three  days  after 
waixls  the  juice  is  collected.  For  this  purpose  the  animal  must  be  sup 
j»orted  by  atraps,  which  pass  under  its  belly,  and  are  attsched  to  a 
horizontal  bar  hung  from  the  roof  by  a  cord  and  pulley.  The  dog  i* 
then  sxispended  over  a  table  at  such  a  height  that  it  can  barely  toncl 
it  with  its  toes,  in  which  position  it  remains  ]>erfectly  still.  A  fonoa 
is  then  attached  under  the  fistula,  and  the  juice  collected  in  a  gls* 
below*.' 


Hetbo4  of 
BeldenhalB  for 
eatabUaUnc 
permanMit 
pancreatlo 
Ha  tolas. 


Heidenhain^  has  suggested  another  method  which  bai 
enabled  him  to  obtain  much  more  trustworthy  results  Uiai 
are  furuished  by  fiatulae  established  in  any  of  the  w^ 
previously  described.  fl 

The  portion  of  duodenum  into  which  the  duct  o 
Wirsung  opens  is  sepamted  from  the  rest  of  the  intesti&t 
by  two  sections,  which  are  at  a  distance  out*  from  the  other  of  4—' 
centimetres.  The  continuity  of  the  alimentary  canal  is  re-established  * 
in  Thiry's  operation  by  sutures.  The  isolated  cylinder  of  duodenum  * 
ijlit  longitudinally  opposite  the  entrance  of  the  pancreatic  duct,  and  ito 
mesenteric  surface  is  stitched  to  the  abdominal  wall ;  the  wound  in  tli< 
abdominal  wall  is  then  brought  together.  The  mucous  membrane  o\ 
the  intestine  with  the  papilla  of  exit  of  the  pancreatic  duct  is  thiit 
brought  to  the  surface  of  the  abdomen,  and  tho  secretion  may  be  direcd} 
collected. 


>  Ludwig  a.  Weinmann,  ZUch.f.  rat.  Med.  N.  F.  Bd.  m.  (1853)  S.  348.  ■ 

«  LudwiR  u.  BernHtein.  Ber.  d.  $Hch»,  Gesell.  d,  Wit$.  Math.  pJtyt.  CU  1869.  S.  97. 
"  Dr  Lauder  Bruuton,  F.R.8.,  in  Handbook  for  Phyniolagical  Laboratory^  p.  618. 
*  Heidenbaixi,  Phygiotogie  d.  Jbtonderungtvorgdnge,     4.  Absohn.    Baachfipeichc 
druse.     Hermann's  Unndhuch,  Bd.  i.  Th    1.  8.  179. 
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imponibtutr  ^^  ^'^^  been  already  said  that  almost  invariably  two 
ti  ottfttn  ftU  pancreatic  ducts  exist.  lu  the  dog,  the  animal  which, 
ito  pft2iAr«attc  with  rare  exceptions',  has  been  employed  for  experi- 
jiiM  iecreud.  ments  on  the  pancreatic  juice,  this  is  the  case.  The 
Urger  duct  alone  can,  however,  be  foinul  in  the  living  animal,  and 
therefore  only  a  part  of  the  pancreatic  juice  is  obtained,  the  rest 
always  making  its  way  into  the  duodenum  by  the  accessory  duct 


Olffloalty  In 

oQ&tiniioiu 
tmoMX  flow. 

be  referred 


The  diflBculties  in  obtaining  a  continuous  flow  of 
normal  pancreatic  juice  are  extremely  great.  Usually 
the  juice  obtained  a  few  hours,  or  for  a  day  or  two, 
after  the  operation  possesses  the  characters  which  will 
to  hereafter  aa  normal,  but  very  soon,  probably  as  a 
Tcsalt  of  inflammatory  changes  affecting  the  gland,  the  secretion 
loaea  its  normal  characters;  it  increases  in  quantity,  the  percentage 
rf  9«»lids  diminishing.  It  often,  however,  diminishes  remarkably  in 
quimiity,  in  consequence,  doubtless,  of  the  enlargement  of  the  ac- 
ceaorj'  duct.  In  the  large  majority  of  cases,  the  caunula  soon 
(Irops  out  and,  in  a  very  few  days,  the  continuity  of  the  ligatured  duct 
becomes  re-established. 


General  Phenomena  of  the  Pancreatic  Secretion. 

The  general  phenomena  of  the  secretion  of  pancreatic  juice  have 
been  discovered  by  observing,  firstly  and  chiefly,  animals  in  which 
temporary  fistulee  have  been  established,  during  the  time  which  elapses 
befnre  the  functions  of  the  gland  become,  aa  a  result  of  the  operation, 
perverted  ;  and  secondly,  animals  in  which  permanent  fistulas  have 
been  successfully  established;  as  a  rule,  for  reasons  stated  already, 
the  fluid  obtained  from  permanent  fiatulae  soon  ceases  to  be  normal. 

So  long  as  the  condition  is  perfectly  normal,  the  following  is  the 
order  of  events : 

After  a  fast  lasting  24  hours  or  more,  the  pancreas  ceases  to  secrete. 
Immediately  after  food  has  been  taken,  secretion  commences,  and  the 
lite  of  secretion  increases  rapidly,  reaching  a  maximum  some  time 
within  the  first  three  hours.  The  secretion  then  diminishes  until 
*  period  which  Heidenhatn  states  as  extending  from  the  fifth  to  the 
«e\eDth  hour,  when  a  rise  occurs,  which  lasts  to  9th — 11th  hours. 
The  secretion  then  gradually  sinks,  until  it  absolutely  ceases  ;  at 
<l»e  17th  hour  there  is  a  very  scanty  secretion;  at  the  24th  hour 

>  Colin  of  Alfort  uuooeeded  in  establisbing  fietDlie  in  large  raminantfl,  and  thus 
o^oed  larger  quantttiea  of  pancreatic  juice  th&u  any  other  observer  (300 — 370 
Knot,  per  bonr  in  the  ox).  Sec  'Exp^rionoea  Bur  !&  stor^tion  pancr£aUqnc  des  grandn 
nuQiaaoU.'  in  the  Compre$  HrnduM.  Vol.  xxxu.  (1851),  and  his  illustrated  deMuriptionf* 
in  lua  Traiti  de  Phyaiologif  cnmparfe  de»  Animaux  Donuniiqwt,  Faria,  1854,  Vol.  i. 
P- <>ai  et  Mq.  Colin  (I'Inntitut,  1851,  p.  91.  quoted  by  Donders  in  his  Phytiologie  de» 
MiPtAhnk,  Vol.  I.,  p.  260)  and  Frerichs  (boo  *VL'rdttaung*  in  Wagner's  HandicHrUrbueh), 
intiodocad  ^np"l">  into  the  pauoreatio  duct  of  donkeys. 
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all  secretion  has  ceased.  The  fluid  secreted  in  the  early  penod* 
of  digestion  is  very  viscous,  aud  soon  gelatinizes  on  standing ;  it  is 
highly  coagulsble.  It  contains  from  6  to  10  per  cent,  of  solid 
matters.  As  digestion  progresses  the  juice  becomes  less  viscid,  it* 
coagulability  diminishes  and  its  solid  matters  also  become  less.  &• 
that  even  in  the  physiological  couditiou  we  may  have  a  compart- 
tively  non-viacid  and  sparingly  coagulable  juice. 

But,  in  most  cases,  when  a  pancreatic  fistula  has  been  established 
matters  do  not  continue  as  above,  and  the  departure  from  nortnalitj 
is  evidenced,  firstly,  by  the  secretion  becoming  continuous,  secotidly, 
by  its  becoming  abundant  and  non-viscous,  as  well  as  by  anuthw 
most  important  character.  The  normal  juice  possesses  the  power, 
firstly,  of  digesting  proteida,  secondly,  of  converting  starch  iuio 
dextrins  atid  maltose,  thirdly,  of  emulsiouizing  and  decomposing 
the  neutral  fats.  Now  the  non-viscous,  abundant,  secretion  obtaJDed 
from  the  majority  of  cases  of  permanent  fistulce  only  possesses  the 
Becond  and  third  of  these  properties ;  it  is,  that  is  to  aay,  destitute  ot 
at  least  very  poor  in,,  the  proteolytic  ferment. 

Influence  of  Though  the  close  dependence  of  the  secretion  of 

tue  nervouB  pancreatic  juice  upon  the  various  stages  of  the  digeft- 
■yiiom  upon  tive  proctisa  must  cloarly  depend  upon  nervous  conirol, 
ttspancreaUc  ^uj.  knowledge  of  the  nervous  mechanism  is  not  as 
"•"*  ™  *  complete  a-s  mic^ht  be  wished.  The  following  are  the 
principal  facts  yet  ascertained: 

1.  When  the  nerves  going  to  the  pancreas  are  all  divided,  secre- 
tion of  a  diffluent  juice  is  set  up  and  continues;  this  is  analogous  to 
the  paralytic  saliva  which  flows  after  division  of  all  the  nerve* 
supplying  the  submaxillary  gland. 

2.  Electrical  stimulation  of  the  medulla  oblongata  sets  up 
secretion  if  in  abeyance,  and  increases  it  if  already  in  process. 

3.  A  useful  method,  and  the  only  one  reaJly  at  the  dispostl 
of  the  experimenter,  for  setting  up  pancreatic  secretion  in  animals 
with  pancreatic  fistulie  is  to  inject  a  little  ether  into  the  stomach*: 
this  agent  sets  up  a  flow  of  pancreatic  juice  which  is  characteristic 
of  the  condition  of  the  gland  at  the  time  :  thus,  if  the  ether  be 
injected  five  or  six  hours  after  food,  there  is  obtained  a  flow  of  viscid 
and  concentrated  juice ;  on  the  other  band,  if  it  be  injected  fifteoo 
hours  after  a  meal,  it  is  always  diffluent. 

4.  Secretion  is  arrested  when  the  act  of  vomiting  is  provoked; 
also  by  stimulation  of  the  central  end  of  the  vagus,  and  of  sensory 
nerves  generally,  the  arrest  in  this  case  lasting  long  after  the 
stimulation  has  ceased.  The  cessation  is  probably  due  to  a  contrac- 
tion of  the  blood-vessels  of  the  pancreas. 

^  The  KQtboT  is  indebted  for  the  sncnirjary  of  all  the  facts  which  are  here  daUA  lo 
Heidenhain'fi  account  in  Hermann's  Harnibuch,  to  which  the  reader  ia  referred,  i^ 
Vol.  T.  p.  194  ot  eeq. 

*  Kdhne,  Lghrbueh  dtr  pfiysiol.  Chem,  p.  113. 
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o.  In  dogs,  atropia  stops  the  secretion  of  pancreatic  juice,  but 
not  in  rabbits  (Pawlow).  Pilocarpin  induces  a  sluggish  secretion 
of  concentrated  juice  (Ueidenhain).  Curare,  according  to  Bernstein, 
increiises  the  flow  of  pancreatic  juice,  but  according  to  Heidenhain 
generally  diminishes  it. 

From  the  analogy  to  the  salivary  glands  Heiden- 
hain thinks  it  likely  that  in  the  pancreas  as  in  the 
salivary  glands  there  exist  two  classes  of  secretory 
nerves  which  influence  activity,  viz.  truly  secretory,  i.e. 
which  govern  the  separation  of  water  by  the  gland, 
and  tropkiCt  which  by  influencing  the  exchanges  of  matter  in  the 
secreting  cells,  iufluence  the  passage  of  solid  constituents  into  the 
secretion. 

circttiatory  Bernard  pointed  out  that  the  fasting  pancreas   is 

tfLusesintbe    pate,  the  active  pancreas  flmi  and  turgid;  and  Kuhne 
*•"*"*••  and  Lea  have  observed  the  circufatory  changes  going 

on  in  the  pancreas  of  the  living  rabbit  which  are  referred  to  in 
the  subjoined  paragraph. 

Changes  in  the  appearances  of  Hie  secretory  cells  which  accompany 
secretion.     Concomitant  vascular  cfianges. 

Our  knowledge  of  the  remarkable  changes  which  the  secretory 
cells  of  the  pancreas  undergo  during  digestion  is  derived  first  of  all 
from  the  researches  of  Heideuhain*,  which  have  been  confirmed 
by  the  remarkable  observatious  made  by  Kuhuc  and  Lea*,  who  were 
uble  to  watch  the  actual  process  of  pancreatic  secretion  in  the  case  of 
ibe  transparent  pancreas  of  young  rabbitij,  which  was  drawn  through 
a  small  wound  in  the  abdominal  wall,  and  examined  under  the 
microscope,  special  arrangements  being  employi^il,  which  prevented 
evaporation  and  cooling.  The  following  is  a  short  but  admirable 
^uminar^-  by  Professor  Michael  Foster  of  both  Heideuhain*s  and 
Kiitme  and  Lea's  researches : 

'We  ieai'n  from  the  researches  of  Heidenhain  that  each  secreting 
cell  of  a  pancreas  of  an  aniniid  (dog)  which  has  been  fasting  for  30  hours 
or  more  consltits  of  two  zones:  an  iuner  zone,  next  to  the  lumeu  of  the 
alvtolua,  which  is  studded  with  fine  granules,  and  a  smaller  outer  zone, 
which  ia  homogeneous  or  marked  with  delicate  atriw.  Carmine  stains 
the  outer  zoue  easily,  tbe  inner  zone  with  difliculty.  The  nucleus,  more 
^f  l&w  irregular  in  8ha[Hi,  is  placed  partly  in  the  one  and  [>artly  in  the 
other  zone.  When  however  the  piuicreas  of  au  animul  iu  i'uH  digestion 
(>il)out  six  hours  after  food  and  onwards)  is  exaniiued,  t)ie  outer  homo- 
geneous zone  is  found  to  be  much  wider,  the  granular  inner  zone  being 

^  PdUger'B  Archiv,  x.  (1875),  p.  557. 

*  Kiihne  u.  Lea.  *  B«obft(*htnngen  iiber  die  AbBOoderung  dea  Pankreaa.'  Verhand, 
''•  iVafur/iijf.  Med.  Vereiiu  £U  Heidelb*rg^  Bd.  i.  1877.  Heft  5,  aad  Vntert,  a.  d.  phytiol. 
'm.  Bd.  II.  S.  -MS. 
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eorreflpondingly  narrower,  and  in  some  cases  actnallj  disappearing.  Th« 
whole  cell  i&  smaller,  and  owing  to  the  relatively  larger  size  of  U)c 
outer  zone,  stains  well.  The  nucleus  is  spherical  and  well  formed.  If 
the  pancreas  be  examined  at  the  end  of  digestion,  when  its  activity-  luu 
ODCo  more  ceased,  and  it  has  entered  into  a  state  of  rest,  the  outer  zone 
18  again  found  to  be  narrow,  the  granular  inner  zone  occupying  the 
greater  pert  of  the  cell,  which  in  consequence  stains  with  difficulty ;  and 
the  whole  cell  has  once  more  become  larger.  There  seems  to  be  bd 
one  interpretution  of  these  facts.  During  the  time  that  the  pancTMi  i» 
ing  most  rapidly,  there  is  a  diminution  of  the  inner  zone ;  that  ii 

say,   the  inner  zone  furnishes  material  for  the  secretion.     But  vhilt; 

t  inner  zone  is  diminishing,  the  outer  zone  is  incren.sing,  that  is  to 
say,  the  outer  zone  is  being  built  up  again  out  of  materials  brought  to  H 
from  the  blood,  though  not  to  such  an  extent  as  to  prevent  the  vholf 
cell  from  becoming  smaller.  When  digestion  is  ended,  after  the  litncrou 
has  ceased  to  secrete,  the  inner  zone  again  enlnrges,  evidently  at  the 
expense  of  the  outer  zone,  though  the  latter  also  continues  to  incroasf, 
"causing  the  whole  cell  to  become  bigger.  From  thence  till  the  next 
meal,  there  occurs  a  paitial  consumption  of  the  inner  zone,  so  that  the 
outer  zone  becomes  more  conspicuous  again,  though  the  whole  cell  be- 
comes smaller.  Evidently  out  of  the  protoplasm  of  tho  cell,  which  i» 
itself  formed  at  the  expense  of  the  bloody  the  granules  are  formed,  Hnd 
these  being  deposited  towards  the  lumen  of  the  alveolus  distinguish  the 
outer  homogeneous  from  the  inner  granular  zone,  and  the  secretion  it 
produced  at  the  expense  of  the  granules. 


Fio.  14.    A  roBTioN  or  thb  pAMcaxifl  or  thr  Raddit  (Kt^HKB  aho  BHxamAH 
A  at  rest,  £  in  a  et&te  of  activity. 

a  the  inoer  granular  zone,  which  in  A  is  larger,  aud  more  closely  studded  with  t^" 
grannies,  than  in  fi,  in  whidi  the  gr&nales  are  (ewer  aud  coarser.  ^ 

b  tho  onWr  transparent  zone,  small  in  A^  larger  in  B^  and  in  the  latter  marked  W^ 
faint  Rtriic. 

e  the  lumen,  very  obvious  in  B,  bat  icdistinot  Ln  A. 

d  an  indeatatioD  at  the  junction  of  two  oella,  seen  in  B,  but  not  ocourring  in  A. 

'  Kuhno  and  Bheridan  Lea',  observing,  under  the  microscope,  the  pa^ 
creas  of  the  living  rabbit,  have  been  able  to  watch  the  actual  prooMS  ^ 


'    VerhandL   NatvrhtMt, 
(188»),  Heft  4. 


Med.  Vereitu,  Heidelberg,  Bd.  i.  (1877),  Heft  6,  and  Bd.  0^ 
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•ecretion  ;  and  their  results,  while  they  extend,  in  the  main  corroborate 
those  of  Heidenhain.  In  the  fjuiescent  pancreas  of  the  rabbit,  Fig.  13  A, 
the  c«IU  are  for  the  moat  part  filled  with  granules,  the  transparent  outer 
aoae  being  reduced  to  eraall  dimensions ;  the  outlines  of  the  individual 
0^  are  very  indistinct,  with  the  margins  of  the  alreoli  smooth  ;  the 
iDOieD  of  the  alveolus  is  obscure ;  and  the  blood  supply  ia  scanty.  Upon 
wcretion  being  set  up,  Fig.  13  B,  the  margins  of  the  active  alveoli 
become  indented  through  a  bulging  of  their  constituent  cells,  the  out- 
liMS  of  which  now  become  distinct ;  the  granules  retreat  towards  the 
xooer  zone,  bordering  on  the  cavity  of  the  alveolus,  and  as  secretion 
goes  on,  evidently  diminish  in  number,  the  whole  cell  becoming  hyaline 
ud  transparent  from  the  outer  border  inwards ;  at  the  same  time  the 
blood-vessels  dilate  largely,  and  the  stream  of  blood  through  the  oapillaries 
beoomes  fall  and  rapid.' 

Qoanttty  of         Allusion  has  fiiready  been  made  to  the  difficulties  which 
suoreatte  attend  attempts  to  collect  the  whole  of  the  pancreatic 

jilNMeratsd.  juice  secreted  by  an  animal;  these  difficulties  explain 
the  discrepancies  in  the  statements  of  various  observers  concerning 
the  amount  of  juice  secreted  either  during  a  single  act  of  digestion 
oris  a  given  time,  as  in  24  liours.  As  a  result  of  observations  on 
temporary  fistulae,  it  has  been  estimated  that,  assuming  the  rate 
of  secretion  in  man  to  be  in  proportion  to  that  in  the  dog  a  man 
would  secrete  in  24  hours  from  211  to  347  grammes*.  The  older 
estimates  founded  on  the  observations  of  Ludwig  and  Weinmanu 
were  much  higher*. 


Section  3.    The  Physical  and  Chemical  Chaeactebs 
K  OF  THE  Pancreatic  Juice. 

In  describing  the  general  phenomena  of  the  pancreatic  secretion 
^ibe  of  its  more  prominent  physical  and  chemical  characters  have 
^n  referred  to,  though  a  complete  description  has  been  reserved  for 
*ia  section. 


^P  Physical  Characters. 

The  juice  obtained  from  temporary  fistulee  or  in  permanent  fistulje 
lien  changes  in  the  gland  have  not  uccurred,  ia.  as  has  already  been 
^id.  a  more  or  less  viscid,  gluey  liquid. 

It  contains  suspended  in  it  constantly  certain  morphological 
L«ments  (Kilhne*).     These  are: — colourless  blood  corpuscles  of  the 

'  K6hiie,  ^Lehrhuch  dfr  phy$iolngi$ch«n  ChemU^  1866,  p.  114. 

'  The  reader  ia  referred  for  data  relating  to  the  older  experiments  to  Donders, 
* hfftiolcgit  da  Mtfiuehen,  Vol.  i.  p.  263. 

'  Kafane,  'Ceber  daa  Secret  dea  Pankreas.'  Verhand.  d.  Saturhist.  Med.  Vereint  tu 
^tidilb*rg,  Bd.  I.  Hen  4. 
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smaller  kind,  which  exhibit  sluggish,  yet  perceptible,  amoeboid  movfrj 
^ments :  corpuscles  which  are  larger  than  the  above-mentioned  coloin* 
fless  coq)uscles.  but  smaller  than  the  so-called  salivary  coqjuscles 
mixed  saliva  with  which,  however,  they  agree  in  all  other  porticuljin. 
These  corpuscles  have  in  their  interior  granules  which  exhibit  lively 
Brownian  movements  and  possess  one  to  four  nuclei.  At  favourable 
temperatures  the  morphological  elements  are  digested  and  dissolved. 

CoaffuUUoiL  Claude  Bernard  described  the  pancreatic  juice  as 

becoming  more  viscid  as  it  cooled.  Kiihne  has  how- 
ever found  that  when  cooled  (:is  to  0°  C.)  it  undergoes  a  true  coagu- 
lation, separating  into  a  gelatinous  and  a  diffluent  part.  In  con- 
sequence of  this  property,  the  pancreatic  juice  often  forms  compact 
opaque  clots  in  silver  cannula?. 

AUcaUnity.  The  pancreatic  juice  is  invariably  alkaline. 

T**^  The  pancreatic  juice  possesses  a  saltish  taste.] 

Sp«ciflc  The  fluid  of  the  temporary  fistulse  has  a 

gravity.       specific  gravity  than  that  of  even  successful  permaneat 

fistula?.     Thci  former  has  a  specific  gravity  of  1030,  the  latter  between 

1010  and  1011'. 
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When  heated  on  the  water  bath  to  75°  C,  pancreatic  juice,  obtained 
from  a  temporary  fistula,  is  coagulated  so  completely  as  to  become 
converted  into  a  white  opatjue  maws,  from  which  there  separates  * 
slightly  opalescent  fluid  more  alkaline  than  the  uncoagulated  joi^e 
which  is  precipitated  by  acetic  acid  and  contains  alkaline  al^^ 
minato. 

When  pancreatic  juice  is  dropped  into  water,  the  drops  coagul^ 
as  they  fali»  the  precipitate  being  soluble  in  NaCl  and  dilute  ac^ 
When  dropped  into  very  dilute  acids  a  similar  coagulation  ta-J 
place,  but  the  eoagula  are  dissolved  when  shaken  up  with  the  acicP 

Alcohol  added  to  pancreatic  juice  proiluces  an  abundant  wl^ 
flocculent  precipitate,  which,  even  when  washed  with  or  digested  - 
absolute  alcohol,  is  for  the  most  part  soluble  in  water  at  O*"  C.  Ace^ 
acid  does  not  precipitate  this  watery  solution;  after  being  acted  np^ 
for  some  time  by  acetic  acid,  on  neutralization  a  proteiu  precipit^ 
is  obtained.  The  portion  of  the  alcohol  precipitate  which  is  insolub^ 
in  water  behaves  as  a  coagulated  albumiu. 

The  alcoIioHc  precipitate  referred  to  carries  down  with  it  the  vario  * 
ferments  whose  action  will  bo  described  in  the  sequel.  The  pancreatS 
juice  is  precipitated  by  the  concentrated  mineral  acids,  by  metall 

>  Maly,  see  'Pankretiasaft.'  in  Hermann's  Handbuch^  VoL  v.  part  1,  p.  187.  TC 
anthor  doe:*  not  know  the  original  sonrces  whcnoe  theac  data  have  been  obtained  atf 
doea  not  hold  himself  retsponaiblo  for  their  aocaracy. 
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salts,  by  tannic  acid.  Chlorine  or  bromine  water  added  to  fresh  pan- 
creatic juice  occasions  a  white  precipitate.  If  however  this  reagent 
be  added  to  pancreatic  juice  which  has  been  exposed  to  warmth  for 
flonie  time,  it  occasions  a  red  colour  (Tiedeinann  and  Gmelin). 

Pancreatic  juice  undergoes  putrefaction  with  the  utmost  ease.  The 
red  colour  above  referred  to  as  brought  about  by  chlorine  is  due  to 
A  body  yet  unknown  which  results  from  decomposition  (Trypt<:)phan). 
In  a  juice  which  exhibits  the  chlorine  reaction,  decomposition  rapidly 
proceed3  a  step  further,  and  then  the  reaction  no  longer  occurs ;  on, 
however,  adding  impure  coloured  nitric  acid  to  the  now  foul-smelling 
liquid,  a  red  colour  is  developed  which  is  due  to  indol  (C^H^N). 

Presence  of  Normal  pancreatic  juice  contains  at  least  three  dis- 

thrMeuzyiDM  tinct  enzymes,  which  will  be  treated  of  at  length  in  the 
in  the  pancre-  sequel.  These  are  :  1,  a  proteolytic  ferment,  which  at 
ftUo  juice  suitiible  temperatures  and  in  solutions  which  are  neutral 

and  faintly  alkaline,  readily  (Iccomposes  proteids  with  the  production 
of  jjeptones  and  amido-acids,  auch  as  leucine  and  tyrosine :  2,  a 
diaatatic  fernient,  similar  to  that  which  exists  in  saliva,  converting 
atJirches  into  erythrodextrins,  achroodextrins  and  maltose :  3,  a  fat- 
decomposing  ferment  which  brings  about  the  hydrolytic  decompo- 
sition of  the  neutral  fats  into  glycerine  and  fatty  acids.  Although 
these  three  ferments  always  co-exist  in  normal  pancreatic  juice,  in 
the  continuous  thin  secretion  from  permanent  fistula?,  the  second 
and  third  ferments  are  sometimes  found  unaccompanied  by  the  first 
or  proteolytic  enzyme. 

In  500  c,c.  of  freshly  secreted  pancreatic  juice  ob- 
tained from  a  large  number  of  dogs,  Kuhne'  was 
unable  to  discover  a  trace  of  tyrosine.  Leucine  was 
present,  but  In  so  small  a  quantity  as  to  be  only  dis- 
coverable by  the  microscope.  , 

The  viscous  secretion  obtained  from  recently  estab^ 
lished  fistulas  (dog)  contains  approximately  in  1000 
parts 

900  parts  of  water, 
90         „      organic  solid  matter,  j 

■  10         „      inorganic  salts.  ■ 

I     The  organic   solid  matter  ia   composed    mainly  of  proteids   and 
Biaeiits.     Generally  the  more  abundant  the  flow,  the  smaller  the 
^OQDt  of  solid  matter  in  solution.     Tlie  salts  consist  mainly  (that 
w  to  the   extent  of  about   seven-tenths)  of  sodium  chloride ;   the 
^Oiaining  salts  are  sodium  carbonate,  with  traces  of  sodium  phos- 
phate, earthy  phosphates  and  traces  of  iron.      In   the   first   of  the 
Mialyses  given   in   the  subjoined  tabular  view,   Schmidt  found  the 
llOur^ic  matters  per  1000  to  be  88,  and  in  this  the  NaCl  amounted 
lo  7-35. 

>  Ktiliae,  'Ueber  das  Sekret  dea  Paukreaa/  loc,  eit. 
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FoTX3«nta«e  The  thin  juice  secreted  continuously  by  permanent 

eompoaition  of  fistiilse  is  sometimes  not  coa^lable  by  heat  alone,  bulJ 

tho  thin  juiM  requires  the   addition   of  an    acid.     It  contains  from' 

Sitia^"^^""'  10—20  parts  per  1000  of  soUd  mattera 


COMPOSITION   OF  PANCREATIC  JUICE    (C,   SCHMIDT'). 
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From  imnpo 

rary  fiatnlw. 

From  permanent  fislolft. 

Water  in  1000  parts 
Solids 

a 

b 

a 

b 

c 

900-6 
99-2 

884-4 
115-6 

976-8 
23-2 

979-9 
201 

984-6 

contnining 
Organic  matters 
Inorganic  mattei-t 

90-4 

8-8 

— 

16-4 
6-8 

12-4 

7'6 

9-2 
6-1 

Section  4.    The  Pancbeatic  Enzymes  considkhed  in  detail 


In  the  last  section  in  discussing  the  general  chemical  composition 
of  the  pancreatic  juice  we  have  referreato  the  fact  that  it  possess*^ 
very  remarkable  properties  of  acting  on  organic  bodies,  and  that 
these  are  supposed  to  be  dependent  upon  the  existence  in  the  juice 
of  three  distinct  enzymes.  It  has  further  been  stated  that  whea 
the  pancreatic  juice  is  precipitated  by  alcohol,  the  precipitate  which 
falls  carries  down  with  it  the  ferments.  The  precipitated  body  wai 
indeed  formerly  supposed  to  constitute  the  fermeut,  and  the  opinion 
prevailed  that  this  ferment  is  possessed  of  various  properties.  We 
now  know,  however,  that  the  activity  of  the  so-called  pancreatifi,  is 
due  to  a  mechanical  entanglement  of  the  ferments,  which  appareatlj 
are  not  associated  with  one  body  but  ore  distinct  bodies. 

We  must  now  in  the  first  place  carefiUly  examine  the  chief  facts 
relating  to  each  of  the  ferment  actions  of  the  pancreatic  juice,  and 
study  the  products  which  take  their  rise  in  these.  ^^ 

^  This  table,  which  is  compiled  from  Sohmidt'g  obserratioaBj  if  reprinted  firom  MkIj. 
op.  eiU,  Hermann's  Uan^meh,  Vol.  v.  a,  p.  189. 
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1.     THE  DIASTATIC  ENZYME. 

saliva,  we  have  seen,  is  a  liquid  which  ouly  possesses  an 
tnylolyiic  action  in  a  few  animals,  the  great  majority  of  animals  hav- 
iga  saliva  which  possesses  no  diastatic  ferment. 

HirtoTT     of  Bouchardat  and  Sandras\  in  1845,  first  discovered 

UdiiooTery.  ^^^  established  with  precision  by  means  of  observations 
wried  on  with  the  aid  of  pancreatic  infusions,  as  well  as  of  small 
[ttaotities  of  pancreatic  juice  obtained  from  hens  and  geese,  that  this 
dcretioQ  possesses  powerful  diastatic  properties,  starch  being  rapidly 
unverted  into  glucose.     They  extended  their  observations  to  rabbits. 

It  has  been  erroneously  stated  by  many  writers  possessing  high 
ntbority  that  this  discovery  was  first  of  all  made  by  Professor 
''alentin  of  Bern.  The  statement,  so  far  as  the  author  can  make 
«t,  first  appeared  in  Frerichs'  article  'Verdauung,*  in  Wagner's 
Imdwdrterbuch  der  Physiologie,  Vol.  ni.  part  1.  p.  847,  and  has  been 
epeated  by  subsequent  authors  (Donders,  Colin  and  Maly).  Thus 
)onder8  sajrs  {Physiologie  des  Menschen,  Vol.  i.  p.  264),  "  Valentin 
cheint  zuerst  gefunden  zu  haben,  dass  der  Bauchspeichel  die  Eigen- 
cbaft  besitzt  Starkemehl  schaell  in  Zucker  umzuwandein,  und  alle 
pateren  Untersuchungen  haben  dies  bestti-tigt/' 

The  observations  of  the  distinguished  Bernese  physiologist  Valen- 
ft  are  recorded  in  his  Lehrbitch  der  Physiologie  (Braunschweig, 
i44),  Vol.  L  p.  340  and  341.  They  were  experiments  in  which  a 
'mplex  mixture  of  alimeutary  substances  and  of  digestive  juices 
ere  observed,  and  so  far  from  proving  the  conversion  of  staruh  into 
gar,  scarcely  warranted  even  the  modest  and  cautious  conclusion 
ttich  Valentin  expressed  as  follows:  "Wie  man  sieht,  erlauben 
Bse  Erfahningen  noch  koine  irgend  bestimmenden  Schliisse. 
bchstens  deuten  sie  darauf  hin,  dass  vtelleicht  die  Pancreasfitissig- 
it  die  Fiihigkeit  habe,  die  Starke  loslich  zu  machen  und  bisweilcn 
le  Umsetzung  derselben  einzuleiten."     No  better  example  could 

given  of  the  way  in  which  errors  in  scientific  history  have  been 
opagated  by  the  habit  of  quotiug  opiuions  at  second  hand  without 
king  the  trouble  to  examine  the  evidence  on  which  the  opinions 
tre  based! 

The  action  of  pancreatic  juice  on  raw  starch  is  generally  stated  to 
J  but  slight*;  on  starch  mucilage  it  is  surprisingly  great.  At  35®  the 
ition  is  intensely  energetic. 

The  diastatic  action  of  the  diffluent,  abnormal,  secretion  from  per- 
lanent  fistulm  is  said  (Kiihne)  to  be  as  powerful  aa  that  of  the 
jhfirent  concentrated  liquid  of  permanent  nstulae. 

'BoDchArdftt  et  SaDdras,  'Des  fonctioDS  du  pancreas.'  CompUt  Rendiu,  de 
itMdfmie  det  Scitncfs,  Vol.  xx.  U  AttU.  1845. 

*  Kfihne  is  not  of  this  opiaioD.  *Aub  ruber  Starke,  wie  aus  gekochter  bildet 
la  riiuciger  Tropfen  dea  Secrets  mit  rapider  Qeschwindigkeit  Zucker.'     T^.hrbuch, 
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Tlie   dtuta- 

ttc  eniyma  ii  An    infusion    of    tbe    pancreas    acts    upon   starclx 

not  only  con-  exactly  in  the  same  manner  though  not  so  energet" " 

^^^^  If  ^*  cally  as  the  pancreatic  juice,  and    we    may   therefore^ 

pancreatic  ^.                  ^              -^^ii-^^-                  ^ 

Juice  bttt  like-  employ  in  our  expenments  on  the  oiastatic  euzjine  ot 

wise    tn     the  the   pancreas  such  an  infiision,  instead  of  pancreatic 

tiMue  of   the  juice. 
pancrea«. 


Preparation  of  active  Solutiom  containing  the  Ensymes 
of  the  Pancreas. 

It  is  exceedingly  convenient  to  have  at  our  disposal  permanent 
solutions  of  the  enzymes  of  the  pancreas.  The  fat-splitting  ferment 
cannot,  however,  be  indefinitely  kept  and  special  precautions  must  be 
observed  in  order  to  extract  it.     See  page  210. 

The  panore-  All  the  pancreatic  enzymes  are  extracted  by  gly 

atic   eniyinea    ^^^.j^  f         ^^     ffland,  and  such   a   glycerin  soluliott 
^j.jjj  may  be  preserved  conveniently.  ^H 

Boiutoiiity  of  Roberts  was  the  first  to  point  out  that  they  are  like- 
theeMymesin  wise  soluble  in  a  saturated  aqueous  solution  of  chloro- 
chloroform  form,  and  the  solution  keeps  very  well  (Roberts*).    The 

presence  of  chloroform  interferes,  however,  with  tho 
operation  of  testing  for  sugar  by  Fehling's  solution.  Salkowski* 
many  years  after  Roberts  recommended  the  use  of  chloroform  aa 
a  solvent  of  enzymes. 

Roberts'  has  found  that  for  experimental  purposef 
a  good  and  lasting  extract  of  the  pajicrcas  may  be 
made  by  extracting  tbe  organ  with  a  solution  which 
contains  '  three  or  four  per  cent,  of  a  mixture  of  two 
parts  of  boracic  acid  and  one  paii.  of  borax,'  h 

When  the  fresh  pancreatic  tissue  is  commiuu^H 
and  placed  in  a  saturated  solution  of  common  salt,  the 
pancreatic  enzymes  are  dissolved  and  powerfully  active 
solutions  of  these  (the  fat-decomposing  ferment  alone 
excepted)  are  ubtained.  This  method  of  extracting  the 
pancreatic  enzymes  has  been  strongly  recommended  b 


Solubility  of 
the  enzyines  In 
a  solution  con- 
taining Dorado 
acid  and  borax. 


Preparatloii 
of  a  brine  ex- 
tract of  the 
pancreatic 

^^Diyinefl   (Ro- 

ilierte). 


Harris  and  Qow 


L  bf 


The  LumUian  Lectare*  for  1880. 
Zeit$ehnft 


1  Bolx^rls,  *0n  the  Digestive  Ferments,*  (bo. 
liOndon.  18»0.  p.  26. 

°  Uolkowski,  *  Ucber  <laa  eiweissIdBOnde  Ferment  der  FaulnisiibalEterien. 
JUr  Biologie,  Vol.  xiv.  (1889),  p.  92. 

•  Boberts,  op.  cit.  p.  19. 

A  Harrie  and  Gow,  *  Ferment  Actions  of  the  Panoreaa  in  different  Animala.*  By 
Vincent  D.  Harris,  M.D.,  F.R.C.P.  and  William  J.  Gow,  M.D.,  M.B.C.P.,  Journal  oj 
Physiology  (Oct.  1892),  Vol.  18,  pp.  409—192. 
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^B—.   ••  When  discussinsf  the  methods  of  preparing:  active 

^^H'UlUlO  S  nifr-  p  m  '  11-1111  mTi 

^^dofpnpax-    solutions  ot  Irypsin,  a  method  will  be  descnbed  where- 
^^r«idpr«-        by    the   pancreatic    tissue    raaj    be    indefinitely    pre- 
served,   and    active    extracts    obtained    at    any    time. 
The    method    consists  essentially   in   dehydrating   the 
finely  divided  pancreas    by   macerating   it   in   alcohol, 
and  afterwards  extracting  with  boiling  other.     The  insoluble  residue 
is  exposed  to  the  air,  so  as  to  allow  the  ether  to  evaporate,  when 
there  is  left  a  white  friable  solid  mass,  which  may  be  powdered  and 
kept  in  a  stoppered  bottle  for  fiiture  use\ 

By  digesting  one  part  of  dried  pancreas  at  40*0.  for  3,  4  or  5 
hours  in  10  parts  of  a  01  elation  of  salicylic  acid,  extracts  of  great 
activity  may  be  obtained. 

One  of  the  best  methods  of  preparing  a  verj'  active 
solution  of  the  pancreatic  enzymes  is  the  following,  in 
which  advantage  is  taken  of  the  fact  that  they  are 
very  soluble  in  water  and  that  their  aqueous  solutions 
are  preserved  from  decomposition  by  a  small  addition 
of  alcohol : — 

Digest  fresh  pancreas  freed  from  fat,  and  then  chopped  up,  in  four 
times  its  weight  of  dilute  alcohol,  containing  25  per  cent,  of  rectified 
yirit  (i.e.  of  alcohol  of  sp.  gr.  0*888).  The  dige,stian  is  continued 
(or  font  or  five  days  with  occasional  agitation.  The  mixture  is  then 
filtered  through  paper.  Filtration  is  nuich  facilitated  by  the  ad- 
dition to  the  solution  of  0*02  per  cent,  of  acetic  acid  (containing 
28  per  cent,  of  the  anhydrous  acid). 
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Degree  of  Activity  and  Mode  of  Action  of  a  Solution  of 
the  Diasiatic  Ferment. 


Following  the  last  method,  a  solution  may  be  obtained  possessed 
of  remarkable  activity,  tbough  this  differs  according  to  the  animal 
employed  and  its  individual  circumstances  &c.  The  pig  yields  the 
most  active  solution,  its  diastatic  value  being  more  than  ten  times 
w great  as  that  prepared  from  the  paucrcaa  of  the  ox  or  sheep. 

The  action  of  the  dtastatic  ferment  of  the  pancreas 
and  pancreatic  juice  appears  in  essential  particulars  to 
resemble  that  of  tht*  saliva  and  salivary  glands;  i.e. 
the  products  formed  are  the  same,  the  conditious  of 
actinty  are  similar,  &c.  According  to  v.  Aleriug  and 
Musculus^  in  both  cases  there  are  formed  achroodex- 
trifls,  maltose  and  a  little  grape-sugar. 

Panorenfl    thus    prepared    may  bo  obtained  under  the  dcBignatton   'Pankreaa, 
t;Q  nach  KiihDe,*  from  Dr  Qriibler,  Bayerscbe  Straase  12,  Leipxig,  and  is  Bold  at 
price  of  It.  per  100  fpummofl. 

'  V.  Mering  u.  Masculus,  'Ueber  die  UmwaDdJuiiK  tod  Starke  und  Glycogen 
durch  Iiiastaa,  Speichel.  Pankreas  und  Leberftrment.'  Zeitschr.  f.  phyt.  Ohtm.  Vol.  u. 
lllfi(*-79).  p.  403. 
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Temperature 
at  which  dia- 
statlc  esuyme 
of  pancreas  U 
most  active. 


Rapidity  of 
action  of  a  so- 
lution contain- 
ing tbe  diasta- 
tic  ferment  In- 
fluenced by  the 
amount  of  fer- 
ment. 


Roberts  has  found  that  the  action  of  pancre&tic 
diastase  on  starch  mucilage  increases  in  speed  from 
zero  to  30'  C.  From  this  to  43"  C,  the  rate  of  action 
continues  steady.  Above  45^  the  action  becomes  tdower 
and  slower,  and  ceases  between  CO*  and  70\ 

We  have  seen  that  within  a  certain  range  of  tem- 
perature the  rapidity  of  the  action  upon  stiirch  increases. 
Temperature  and  all  other  conditions  being  exacllv 
similar,  the  rapidity  of  the  action  will  depend  upon  the 
quantity  of  enzyme  present.  This  is  well  brought  out 
in  the  following  remarks'. 

'The  speed  at  which  a  given  quantity  of  starch  is  trHoiifonDed  br 
diastase  dependtt  esaentialiy  ua  the  pro|>ortioD  of  ferment  brought  to  net 
upon  iL  In  the  above  experiments  (experiments  in  which  a  uiiDiuwJ 
quantity  of  diastatic  solution  acted  upon  ataich)  the  proportion  of  diasUtf 
was  very  minute  in  comparison  with  the  amount  of  stjirch,  and  the  action 
went  on  slowly  for  forty-flight  hnurs.  Bxit  if  we  reverse  those  proportions 
and  mix  a  small  amount  of  starch  with  a  large  amount  of  dlasta&e  ch« 
tninsfomiation  is  instantaneously  accomplished.  If  a  teet-tubo  be  half 
Hllrd  with  au  active  extract  of  puiicrciiH  au<l  a  fuw  drojis  of  starch  mucilsgi 
be  quickly  shaken  therewith,  you  cannot  detect  the  reaction  of  starcb  or 
dextrine  in  the  mixture,  however  prompt  you  may  he  with  the  te«tinj[— 
the  tnmsformation  has  followed  on  the  admixture  as  instantaneouslv  lu. 
the  fxplosiuu  of  the  charge  follows  the  fall  of  the  trigger.  Between  ihM^ 
extremes  there  are  all  grarlations.' 

Roberts  has  estimated  that  pancreatic  diastase  is 
able  to  transform  into  sugar  and  dextrin  no  leas  thas 
40,000  times  its  own  weight  of  sugar*. 

Roberts  has  compared  by  his  method  of  diastasi' 
metry  (see  chapter  i.  p.  56)  the  diastatic  activity  of 
the  tissue  of  the  pancreas  of  the  ox,  sheep,  and  pig.aDd 
he  tinds  that  the  ferment  contained  in  1  gramme  of 
the  fresh  pancreas  of  the  pig  can  convert  5  grammes  of 
dry  starch  into  products  which  give  no  colour  reactioD 
with  iodint2 ;  the  same  weight  of  the  pancreas  of  an  oi 
would  only  act  in  a  similar  manner  upon  04  grm.  of  starch ;  and 
the  same  weight  of  the  pancreas  of  the  sheep  would  act  upon  0*44 
grm.  of  starch. 


Estimate  of 
the  activity  of 
the  dlastatio 
(torment. 

Estimate  of 
the  amount  of 
ferment  pre- 
sent in  the 
pancreatic  tlB- 
sne  of  the  pl«, 
ox  and  sheep. 


Is  there  a  Zymogen  of  the  Diastatic  Ferment  ? 

In  giving  the  history  of  the  proteolytic  ferment  of  the  pancreaft— 
trypsin — abundant  anatomical  and  experimental  evidence  will  be  ad- 
duced to  prove  that  there  exists  in  the  secreting  cells  of  the  pancreas 
a  body  from  which  the  ferment  is  derived;  this  body  from  which  the 

^  Roberts,  Lumleian  Lectttrei,  page  40. 
*  Roberts,  op.  cit.  p.  89. 
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It  is  liberated,  perhaps  by  a  process  of  dissociation,  may  be 
ted  from  the  pancreas,  and  solutions  of  it  are  found  not  to 
B  proteolytic  properties,  though  they  may  acquire  these  by 
iction  of  certain  external  agents.  This  antecedent  of  the 
Bt  has  been  termed  by  Heideuhain,  Zymogen.  In  discussing 
rigin  of  pepsin  we  have  alreaily  refeiTed  to  evidence  which 
rs  to  shew  that  in  the  case  of  that  enzyme  also  there  probably 
an  antecedent  (which  some  have  even  named  Pepsinogen) 
does  not  possess  proteolytic  properties  but  which  acquires  these, 
Ample  on  treatment  with  acids.  We  have  also  adduced  facts 
prove  the  existence  of  a  zymogen  of  the  rennet-ferment. 
is  probable  that  what  is  certainly  true  of  the  proteolytic  ferment 
pancreas  may  be  true  of  its  diastatic  ferment,  and  we  may  ask 
res,  Is  there  any  evidence  in  support  of  an  antecedent  or 
en  of  this  ferment  ? 

Two   years  before  Heidenhain^  published   the   re- 

^_.  markable    paper,    rich    in    fresh    facts,    in    which    he 

tin^  x^    announced  his  discovery  of  the  zymogen  of  the  proteo- 

bstenca    lytic  ferment,  Liversidge,  working  in  Foster's  laboratory, 

^osea    had  published  facts,  which  have  not  received  the  notice 

**^^    which  they  deserve,  and  which  point,  as  the  Author 

thinks,  to  the  probable  existence  in  the  pancreas  of  an 

antecedent  of  the  diastatic  femient. 

VerBidge  removed  the  diastatic  ferment  from  the  pancreas  by 

lontinued  washing  in  water.     The  minced  pancreas  which  had 

thus  exhausted    was  transferred  to   a   tiller   and   allowed    to 

tk  exposed  to  the  air  for  a  few  hours,  when,  on  again  treating 

b  a  small  quantity  of  distilled  water,  a  very  active  diastatic 

}D  was  obtained.     Again,  he  shewed  that  in  order  to  exhaust 

d  pancreas  of  its  diastatic  ferment  by  the  action  of  glycerin, 

5t  of  large  quantities  of  glycerin  during  fourteen  months  was 

tary.     The  pancreatic  tissue  which   ha^l    been   rendered   thus 

»e,  after  standing  on  a  muslin  filter  for  six  hours,  remiily  gave, 

i]y  an  active  aqueous  extract^  but  also  yielded  an  active  glycerin 

an'. 

■  the  same  time  there  are  two  points  in  connection  with  this 
on  which  should  be  borne  in  mind.  (1)  In  the  above  experi- 
I  it  can  hardly  be  regarded  as  absolutely  certain  that  the 
tic  action  exerted  by  the  pancreas  after  exposure  was  not  due 
Storia^  (2)  The  zymogens  of  trypsin,  pepsin,  and  of  the  renuet- 
nt  are  all  soluble  in  water  (or  water  containing  a  little  salt); 
aqueous  extract,  the  zymogen  can  be  shewn  to  be  present,  if 
J  treated  in  certain  ways  the  solution  shews  ferment  activity. 

lidonhatn,  'Beitrifte  snr  KeDDtniss  de«  PaokreaR,'  Pflu^er'B  Arthiv,  Vol.  x. 
jk.  £67.     Tho  part  onntaining  this  paper  was  pabliBlied  on  June  25(h. 

,  'On  the  Amylolytio  Fennent  of  tho  P«ncrt»as '  {from  the   Pliysiolo- 
ry  in  the  University  of  Cambridge).  Journal  of  Anatomy  and  Phytioloff^, 
4),  p.  23.  The  number  of  the  Journal  containing  this  paper  w&a  pabliahiBd 
187S. 
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Now  it  muy  be  ar*:jiK'c3  that  the  aqtieoua  extract  of  the  pancreas 

of  the  salivary  glands  t-outuiiis  no  diiustatic  zymogcu  for,  so  fnrasj 

known,  there  ia  no  treatment  which  will  increase  its  diastatic  activil 

If  we  could  obtain  an  extract  of  the  pancreas  which  when  added 

starch  exerted  no  effect  on  it,  but  which  when  treated  with  a  lit 

acid    and    neutralized,   or   by   some    similar   method,    rapidly 

verted  starch  to  sugar,  then  we  should  have  presumptive  evidet 

of  the  existence  of  a  diastatic  zymogen.     From  the  facts  in  our 

session  we  appear  compelled  to  admit  either  that  a  zyraogen  of  i 

diastatic  enzyme  does  not  exist,  or  if  it  exists  that  it  differs  from  iho 

7}Tnogens  of  analogous  ferments  by  its  insolubility  in  water. 

The  srounds 

The  individuality  of  the  diastatic  enzyme,  and 

cially   its  independence  of  the  one  concerning  which 

our  knowletlge  is  most  definite,  viz.  trypsin,  is  proved 

by  the  following  considerations  : — 

1.  A  pancreatic  extract,  or  pancreatic  juice,  may  be  obtained, 
which  is  rich  in  the  diastatic  ferment  and  contains  no  prot^ohtic 
ferment  This,  as  already  previously  stated,  is  often  the  case  wii^ 
the  aecretion  obtained  from  so-called  permanent  pancreatic  fistulie. 

2.  In  differtint  auimalH  noL  only  the  absolute  but  the  relatii 
richness  in  dia^static  and  proteolytic  enzymes  <iiffers.  Thus  Robert?, 
as  we  have  already  stated,  found  that  the  diastatic  activity  of  the  pig's 
pancreas  is  more  than  ten  times  as  great  as  that  of  the  sheep.  Tb^ 
prnteolytic  activity  of  the  panorea^  of  the  sheep  is,  on  the  other  hand, 
considerably  gi'cater  than  that  of  the  pig. 

3.  As  will  be  pointed  out  in  the  sequel,  although  attempts  to 
obtain  the  pure  ferments  have  hitherto  not  been  successful,  methods 
are  known  by  which  one  ferment  may  be  obtained  absolutely  free 
from  the  others. 


for  bellfivins  in 
the  Indepen- 
deiiM  of  tho 
dlutatio     «n- 
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AUeinpU  to  isolate  the  Diajitatic  Ferment 

Firirt  expert-  ^^  ^^^  Bouchardat  and  Sandras  who  first  attempted 

ments  of  Bou-  to  separate  the  agent  which  conferred  upon  the 
oh&rdat  and  pancreatic  juice  the  property  which  they  had  di** 
Sandns.  covered,  of  converting  starch  into  sugar.     They  treated 

infusions  of  pancreas  with  water,  and  precipitated  the  solution  with 
alcohol.     The  precipitate   they  found  to  be  again  soluble  in  wato" 
and  to  possess  poweriul  diastatic  action.     They  termed  it  pavcrm' 
tine.     The  body  thus  precipitated  must,  however,  as  we  know,  have  ^ 
consisted  of  a  mixture  of  the  several  pancreatic  ferments.  ^M 

Daxdiemki'a  The    first    to    attempt    to    separate    the    diastali^^ 

method'.  ferment  was  Dauilewski.     The  prnieiple  of  Lis  method 

was  to  precipitate  aqueous  infusions  of  pancreas,  which  had  been 


1  D&nilewiiki.  '  Ueber  specifiseh  wirkeude  Kiirper  des  nattlrliohen  aod  kQjutUcbtf 
panoreatiBchen  Saftcfi,'  Virchow's  Archir^  Vol.  xxy.  p.  279. 
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with  magnesium  carbonate,  with  collodion,  which  carries  down 

proteids  and  the  proteolytic  ferment  in  a  gelatinous  form. 

Urate    from   this   precipitate    is   concentrated    in    vacuo    and 

with  strong  alcohol,  which  throws  down  a  flocculf  nt  precipitate. 

digested  in  a  mixture  of  equal  parts  of  alcohol  and  water, 

issolves  the  diastatic  ferment,  a  little  tyrosine  and  some  salts, 

»me  albumin  undissolved.    The  li(]uid  is  dialyzed.  concen- 

fo  and  precipitated  by  absolute  alcohol.     The  body  thus 

lown  possesses  in  a  feeble  degree  proteolytic  properties,  due 

dniug  traces  of  the   proteolytic  ferment,  but   in  an  intense 

►  diastatic  properties.    It  does  not  exhibit  proteid  reactions,  ie. 

|ie  xanthoproteic  and  Millon's  reaction  fail. 

'■  Cohuheim  obtained  from  an  infusion  of  pancreas,  by 

the  method  which  he  had  already  employed  in  the 
ion  of  salivary  diastase  (see  p.  38),  a  ferment  which  did  not 
(t  proteid  reactions,  and  which  was  as  active  as  the  body  which 
prepared  from  saliva ;  it  was  entirely  free  from  proteolytic 


Finely  divided  pancreas  is  dehydrated,  first  by  being 
placed  in  strong  alcohol,  and  afterwards  in  absolute 
the  action  of  which  should  be  continued  for  some  time.  The 
separated  from  the  alcohol  is  then  macerated  in  glycerin, 
reerin  solution  is  then  precipitated  with  alcohol.  The  precipi- 
Iried  at  a  low  temperature.     It  is  partially  soluble  in  distilled 


rther  purification  may  be  carried  on  as  follows*: 

precipitate  produced  by  alcohol  in  the  first  glycerin  solution 
iilied    with    strong    spirit,   and    after   partial    drpng,    by   the 

Eeous  evaporation  of  the  spirit,  is  again  treated  with  glycerin, 
i  second  glycerin  extract  in  its  turn  precipitated  with  spirit. 
is    thus    obtained    a   body   soluble    in    water,    possessed    of 
liastatic  power,  and,  according  to  v.  Wittich,  destitute  of  the 
ytic  power.    According  to  this  author,  when  glycerin  acts  upon 
hs  directly,  it  extracts  both  the  proteolytic  and  the  amylolytic 
ite,  but  when  the  gland  tissue  has  been  first  thoroughly  dehy- 
ouly  the  second  of  these.    Hiifner*.  however,  controverted  this 
ent,  and  by  following  v.  Wittich's  method  he  obtained  a  body 
possessed  all  three  of  the  ferment  actions  which  are  character- 
the  pancreatic  juice.     It  is  to  be  remarked  that,  according  to 
pure  trypsin  is  not  soluble  in  glycerin,  a  fact  which  makes  it 

nbeim.  *Zur  KenntuiHs  der  zuckerbildenden  Fermente,'  Viiohow's  Arekiis 

I.  p.  asi. 

ittidt,  PflOger'B  Archiv,  Vol.  n. 
dge.  op.  cit.,  p.  24. 

-,  *  Untersnchangen  uber  die  ungeformteD  Fermente,*  Joum.  far  prakL 
tM,F.,  Vol.  T.,  p.  372. 
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likely  that  the  discrepancy  between  v.  Wittich's  and  Htifher's 
may  have  depeuded  upon  the  former  having  eliminated  all  tnkoesi 
water  iu  his  pioparatiuu,  whiUt  the  latter  may  not  have  done  so. 


T?ie  Okemioal  Gompositum  of  the  Diastolic  Emyme^ 

On  this  matter  onr  information  is  such  that  we  can  say  little, 
that  consists  mainly  uf  negative  assertions. 

From  the  observations  of  Cohnheim  and  of  Liversidge  it  ref 
that  the  diastatic  ferment  does  not  give  the  reactions  of  the  prot 
bodies.   Hiifner's  discrepant  results  are  accounted  for  by  the  fact  tl 
his  pancreidin  did  contain  considerable  (quantities  of  trypsin. 

The  diastatic  ferment  is  a  nitrogenous  body,  which  possesses  I 
composition  widely  diflPerent  from  that  of  the  proteids. 

The  analysis  of  the  ferment  prepared  by  Liversidge,  and  which 
strangely  only  furnishes  the  amount  of  carbon  and  nitrogen,  gave  the 
following  results : 

Carbon    per  cent.  34*925 

Nitrogen „         11020 

Hiifiier  found  his  so-called  Pancreatin  to  have  the  fbllowii^ 
composition : 

Carbon  40-9 

Hydrogen 6'85 

Nitrogen    13*64 

This  analysis  agrees  with  the  hypothesis  that  Huftier's  paucrestii 
consisted  of  a  mixture  of  diastatic  ferment  and  proteids,  a  hypothesis 
of  which  he  has  besides  furnished  the  proofs  in  the  account  of  his 
experiments. 


Sect.  5.    The  Fat-decomposing  Enztsie. 

The  Researches  of  Claude  Bernard. 

Eberle*  announced  in  1834  that  a  watery  infusion  of  the  pan- 
},  when  shaken  with  oil.emulsionized  it.  a  creamy  emulsion  being 
obtained,  and  he  was  led  to  surmise  that  one  of  the  functions  of  the 
pancreatic  juice  consists  in  emulsifying  fat3  and  thus  favouring  their 
absorption  by  the  lacteals. 

This  older  observation  has  generally  been  forgotten,  and  the 
whole  credit  of  suggesting  as  well  as  of  elucidating  the  part  played 
by  the  pancreatic  juice  in  the  digestion  and  absorption  of  fate 
ascribed  to  Claude  Bernard. 

'  Eberle,  Phjfiioiogit  dtr  Vfrdawinu^  Wfireburg,  18IW. 
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be  vcar  1840  that  Claude  Bernard,  being  engaged  in 
ORiparative  study  of  the  process  of  digestion  in  carnivorous  and 
Wvorous  animals,  was  struck  by  the  fact  that  when  dogs  were  fed 

Ktty  matter  this  appeared  to  iimiergo  a  modification  almost  as 
it  passed  into  the  small  intestine,  whilst  when  rabbits  were 
Jarly  fed  the  change  occurred  somewhat  further  from  the  pylorus. 
j^  Bernard  observed  that  after  a  fntty  diet  the  lacteals  of  dogs 
P&lled  with  white  opalescent  chyle  from  the  pylorus  downwards, 
st  in  rabbit*!  the  lacteals  near  the  pylorus  did  not  contain  white 
t,  while  those  situated  lower  down  did,  Bernard  then  discovered 
lis  difference  in  the  appearance  and  absorption  of  fatty  matters 
"  with  the  difference  in  the  situation  at  which  the  pancreatic 
lin  the  small  intestine  in  the  dog  and  rabbit  respectively.  In 
the  principal  duct  empties  itself,  together  with  the  bile  duct, 
the  duodenum  very  near  to  the  pylorus;  whilst  in  the  rabbit  the 
fcal  duct  joins  the  small  intestine  from  30  to  35  centimetres  (12 
Bnches)  below  the  point  of  entrance  of  the  bile  duct. 
When  this  relationship  had  been  found  to  exist  between  the 
^on  at  which  the  pancreatic  juice  is  poured  into  the  intestine 
Be  situation  where  fat  begins  to  be  modified,  it  was  natural  to 
lire  whether  the  juice  was  not  the  active  agent  in  effecting  the 
lification  of  fatty  matter,  and  in  causing  the  appearance  of 
Icy  chyle  in  the  lacteals,  and  as  a  result  of  his  investigations 
tide  Bernard  was  led  to  the  discovery  of  the  facts  about  to  be 
imented  upon^ 

M     pan- 
tie   jiuce  Oil  or  fatty  matters  which  are  fluid  at  the  tempera- 

BiNi  the  ture  of  the  animal  body  are  very  readily  emulsionized 

vofaal-  tjy  l\^^^  pancreatic  juice. 

U  two  grammes  of  alkaline  and  viscous  pancreatic  juice  be  shaken 
■I  test-tube  with  one  gramme  of  olive  oil,  almost  instantly,a  perfect 
Rion  is  obtained,  the  liquid  resembling  milk  or  chyle;  the  same 
iH  is  obtained  if  for  olive  oil  we  substitute  fats,  such  as  butter  or 
tton  suet,  which  melt  at  a  temperature  below  40°  C.  Temperature 
ears  to  have  considerable  influence  in  the  process.  Thus,  when 
fcamme  of  lard  is  agitated  with  two  grammes  of  fresh,  normal 
Katie  juice,  the  process  of  emulsionizing  commences  even  in  the 
tbut  when  the  temperature  ia  raised  to  35'  or  38',  a  white  creamy 
ulBion  is  obtained  instantly*. 

Emulsions  obtained  in  this  way  are  remarkably  persistent,  and, 
:>rdiDg  to  Euhne',  the  fat  in  them  exists  in  even  a  finer  state  of 
iiiioD  than  in  milk. 

Hob  ohon  account  of  the  way  in  which  Claude  Bernard  waa  led  to  investigate  the 
A  of  the  pancreas  ib  taken  from  his  Le^iu  dt  Phytiology;  Exp^rimentaUt  Vol.  n. 
LTSand  179. 

lard.  Li^oTu  (1856).  Vol.  n.  p.  256. 
le.  Lehrbuch,  p.  123, 
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Upon    what  Claude  Bernard  was  led  to  believe  that  the  pro- 

d^ea  tneemui-  perty  of  emuLsionizing  fats  which  the  pancreatic  luice 
depend?  possesses  in  so  extraordinary  a  degree,  depended  upoas 

ferment,  which  at  the  same  time  occasioned  the  remark- 
able change  to  be  immediately  referred  to,  and  which  he  t<!mieil  tbr 
^ferment  dtnulsi/.'  In  this  view  Bernard  was  wrong.  It  b*  appareall? 
only  in  an  indirect  way  that  a  ferment  leads  to  the  eniulaiouiziiif 
of  the  tats.  * 

Briicke  has  shewn  that  when  an  oil  or  a  fat  which  coDtaiiw  a 
mere  trace  of  free  acid  is  aJiakeu  with  a  wealc  solution  of  carbonaicol 
sodium  au  emulsion  is  readily  obtained,  whilst  if  the  oil  be  perfectJj 
neutral  no  such  emulsion  is  obtained.  It  will  be  shewn  that  at  ^i 
temperature  of  the  body  the  pancreatic  juice  does  lead  to  the  acidifi- 
cation of  fat**;  as  the  juice  moreover  contains  carbonnte  of  sodium,  the 
conditions  readily  arise  which  are  required  for  the  produciiou  uf  m 
emulsion.  It  is  remarked  by  Kuhue,  and  with  justice,  that  probaUj 
the  proteid  matters  in  the  pancreatic  juice  play  an  important  purtili 
the  emulsionifling  action*. 

Roberts  states  that  he  has  been  unable  to  obtain  any  extract  of 
pancreas  which  possessed  any  special  power  of  emulsifying  fats,  but  is 
this  respect  he  differs  from  other  trustworthy  observei-s  who  hsn 
asserted  that  watery  infusions  of  pancreas  do  possess  such  power.and 
is  unquestionably  in  error. 


The  Pancreatic  Juice  decomposes  the  Neutixd  Fats, 

Bernard  discovered  that  when  emulsions  are  made  by  mixins 
frenh,  alkaline  pancreatic  juice  with  a  neutral  fat,  such  as  olive  ail  or 
lard,  and  the  emulsiouB  are  maintained  at  the  temperature  of  li^ 
animal  body,  an  acid  reaction  is  very  soon  developed.  The  obser- 
vation has  been  confirmed  again  and  again,  by  Berthelot  amongst 
others. 

Claude  Bernard  had  found  that  when  butter  is  kept  at  the  tero- 
perature  of  the  body  with  pancreatic  juice,  the  odour  of  butyric  acid  i* 
soon  perceived.  ' 

Berthelot  tried  the  experiment  with  synthetically  prepared  mono-' 
butyrin  and,  by  the  action  of  pancreatic  juice  upon  it,  obtaineJ 
besides  undecomposed  nionobutyrin,  a  mixture  of  free  glycerin,  butyri*^ 
acid  and  a  soap. 

According  to  ^^^^  property  which  the  pancreatic  juice  possesses  o^ 

BeniAjd.  pan-    decomposing  the  neutral  fat^  is  shared  by  the  pancre«ti4 
crwtic    tiMue    tissue  itself;  it  is  indeed  laid  down  by  Claude  Bernard 
as  the  characteristic  of  this  tissue  that  it  possesses  tb< 
property  of  insUintaneouslt/  decomposing  butyrin. 


Kfihne,  Lthrbuch,  p.  12% 
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l^arious  methods  have  been  suggested  by  Claude  Bernard  for 
biting  this  characteristic  reaction,  of  which  the  following  are  the 
''  the  second  being  specially  recommended. 

'  An  infusioD  of  linseed  is  shaken  with  a  little  butter  so  as  to 
Bionize  it  completely,  and  is  then  coloured  faintly  blue  by 
IS  of  litmus.  If  to  a  little  of  the  blue  emulsion  a  fragment  of 
reas  be  added,  and  the  mixture  be  digested  at  38"  C.  for  some 

re  blue  colour  changes  to  red. 
An  ethereal  solution  of  butter  (which  should  be  neutral)  is 
I,  and  a  solution  of  litmus  of  such  strength  that  a  stratum  half  a 

retre  thick  presents  a  distinctly  blue  tint. 
fragment  of  pancreas  is  placed  on  a  glass  slide,  and  is  then 
&d  with  a  drop  of  rectified  spirit ;  it  is  then  teased  with  needles, 
at  the  alcohol  should  bathe  every  part.  Enough  alcohol  should 
contact  with  the  tissue  to  allow  of  its  remainiug  bathed  in  it  for 
t  a  quarter  of  an  hour.  At  the  end  of  that  time,  the  excess  of 
ol  is  sucked  up  with  blotting-paper,  and  the  fragment  of  tissue  is 
it^d  with  a  drop  or  two  of  the  ethereal  solution  of  butter,  and  is 
d  at  the  same  time,  so  as  to  bring  the  fatty  matters  as  much  as 
ble  in  contact  with  the  tissue.  A  fragment  of  the  tissue  is  then 
d  in  a  glass  cell,  one  millimetre  deep,  containing  a  tincture  of 
pGtmus,  which  is  then  covered  with  a  cover-glass.  In  a  few 
ents,  as  the  tissue  becomes  soaked  with  the  solution  of  litmus,  a 
ifea  appears  around  it,  and  after  a  certain  time  the  whole  of  the 
il  becomes  red,  the  red  colour  being  intense  in  proportion  as  the 
ure  of  litmus  was  blue. 

t  may  be  asked  whether  the  acid  reaction  is  not  due  to  the  tissue 
j*  pancreas  ?  but  that  it  is  not  appears  to  be  proved  by  the  fact 
ImeD  the  pancreas  is  treated  exactly  as  stated  above,  with  the 
)tion  that  uo  fat  is  added,  the  acid  reaction  is  not  developed. 
Author  can,  from  his  own  observations,  confirm  these  statements 
rmard. 

fikt-d».  ^*  ^^^  known  to  Claude  Bernard  that  the  pancreas 

]0^g  ttnly  poaaesses  itn  power  of  decomposing  fats  so  long  as 

'  of  tn©  ic  is  fresh.  Bidder  and  Schmidt*  pointed  out  that  the 
su  il  power  which  the  pancreas  possesses  of  decomposing  the 
f*"^^     neutral  fats  is  inhibited  by  the  presence  of  acids,  and 

t^  '     this  has  been  particularly  insisted  upou  by  Griitzner". 
Glycerin  extracla  of   pancreas  are  usually  inactive  as 
fats,  and   this   because  the  acidification  of  the  gland  has 
rred  before  the  glycerin  could  have  access  to  it. 


Bidder  and  Schmidt,  Die  VerdauunggsH/te,  p.  250. 

GratZQcr.  'Kotiseu  uber  einige  ongeformte  Fermente  des  SfiagethierorgaDiBmus,* 

sfi  Arckiv,  Vol  xii.  (1876),  p.  302  ut  8«q. 
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Qrutxnera  '^^^  perfectly  fresh  pancreas  is  crushed  with  glaai 

metbod  of  pr«-  powder  in  a  mortar,  and  muced  with  a  solution  codi- 
panng  the  fat-  posed  of  90  CO.  of  glvcerin  and  10  cc.  of  a  1  per  ce&L 
decompo8ia«  solution  of  Na,CO,,  in  the  proportion  of  30  ex.  of  the 
ferment.  glycerin  solution  to  3  grma.  of  pancreas,  the  contact 

being  allowed  to  continue  for  not  longer  than  four  or  five  da^s  u, 
after  that  time,  in  spite  of  the  alkali  added,  the  reaction  beooiaei 
acid. 

Given  various  extracts  prepared  by  the  above 
method,  Grutzner  ascertained  their  activity  ss  follows;— 
He  made  an  emulsion  hy  miiiug  10  parts  of  oil  of 
almonds  with  5  parts  of  gum  arabic  and  35  parts  of 
water,  and  prepared  a  neutral  solution  of  litmus,  of  such 
strength  and  redaction  that  the  solution  when  contained 
in  test-tubes  having  a  diameter  of  12  millimetres  and 
placed  opposite  white  paper,  had  the  colour  of  violeU 
Several  test-tubes  had  lOc.c.  of  the  litmus  solution  added  to  them, 
and  were  then  mixed  with  5  drops  of  the  above  emulsion.  Succes- 
sively increasing  quantities  of  the  glycerin  extract  to  be  tested  (say  I 
4,  6,  8  drops)  were  then  added  to  different  test-tubes,  which  were  at 
once  heated  by  being  plunged  into  water  at  37"  C.  In  three  or  four 
minutes  the  tubes  were  all  examined,  and  the  number  of  drops  which 
had  been  added  in  order  to  redden  the  litmus  noticed.  By  baviug 
Beveral  sets  of  such  experiments,  one  for  each  extract  to  be  tested,  it 
is  easy  to  determine  the  comparative  richness  in  ferment.  Griitsner's 
experiments  have  been  repeated  by  the  Author,  and  have  loft  oo 
doubt  on  his  mind  as  to  the  existence  of  the  fat-decomposing  fermeat 

The  power  of  the  pancreas  and  of  suitable  extraote 
to  decompose  the  neutral  fats  suggested  the  possibiUty 
that  thev  might  likewise  decompose  such  a  body  a» 
acetic  ether,  and  experiment  has  proved  the  truth  oi 
the  surmise*. 


Tlie  paucreaa 
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extracts  pos- 
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•titer 


HypoH^esis  of  a  Ferment  which  decompoaea  Fats. 


i 


As  has  been  already  stated,  Bernard  explains  both  the  emulsiom- 
izing  and  the  acidifying  of  the  neutral  fata  by  the  pancreatic  juice,  oi 
by  the  pancreatic  tissue,  as  due  to  a  special  ferment,  the  so-callei: 
'emulsive  ferment.*  For  this  ferment  Dr  Sheridan  Lea  suggests 
the  name  *  piolyn.' 

No  method  of  separating  the  ferment,  even  in  a  condition  oi 
approximate  purity,  is  however  known.  In  future  researches  in  tbi 
direction  it  will  be  well  to  bear  in  mind,  in  addition  to  the  influence 


'  Uehtsch,  'Ueber  dio  zersetzende  Eiawirknng  de«   pankreatiBchpo  Glycerioaitl 
ingefl  auf  EssigBaoreather/  Centralbtatt /.  d.  med.  IViMtetucha/t,  for  1876,  No.  S8. 
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of  acids  in  destroying  permanently  the  fat-decomposing  power,  and 
to  the  fact  that  by  Grutzner's  method  active  solutions  of  ferment  of 
considerable  energy  can  be  obtained,  that  according  to  Dauilewski, 
pancreatic  extracted  which  possess  fat-decomposing  powers  lose  them 
on  agitation  with  magnesia. 

Koberta'aob-  Roberts  has  expressed  himself  as  doubtful  of  the  ex- 

)#ctloiia  to  tlie  istence  of  a  fat-decomposing  ferment  His  objections  are 
hypoibetU of  a  based  upon  his  having  been  unable  in  any  of  his  experi- 
W-oecompoa-  ^^j^j^  j^  obtain,  either  with  extracts  of  pancreas  prepared 
by  means  of  various  agents,  or  with  the  pancreatic  tissue, 
ft  decomponition  of  neutral  fats.  He  has  not,  in  fact,  been  able  to 
tboervu  the  fundamental  fact  discovered  by  Claude  Bemaixi.  The  failure 
Roberts  is  doubtless  to  be  explained  by  his  having,  probably  in  every 
employed  pauercrttic  glands  of  slaughtered  animals  and  which  were 
)t,  in  the  physiological  sense,  fresh,  but  had  undergone  ucidiiicatiou. 
for  in  reference  to  the  fundamental  fact  of  the  acidification  of  the  neuttal 
there  Is  not  the  !tlight«st  doubt;  it  ia  a  fact  which  has  been  con- 
[■firiHed  by  the  testimony  of  miiny  independent  and  reliable  ^vitne8.He«,  as 
Iti  Bidder  and  Schmidt,  Ueideuhain,  Bernstein,  Hiifiier,  and  Griitzner,  and 
[It  is  A  fact  which,  if  the  precautions  indicated  by  Griitzner  are  observed, 
mnooe  will  have  any  diiHculty  in  confirming  for  himself 

Whilst  Roberts  failed  to  observe  the  rapid  decom- 
position of  fats  by  pancreatic  tissue  or  pancreatic 
extracts,  he  sometimes  succeeded  in  observing  an 
acidihcation  concurrently  with  the  development  of 
organisms. 

The  researches  of  Pasteur  and  others  have  taught  ua  that  acid 
[fermentatioDS   arise   under   the  influence  of  formed  formentH  (e.g. 
le  lactic  fermentation   under  the  influence  of  'bacterium  lactis*), 
id  the  question  arisen  whether  the  fat-decoiuposing  ferment  of  the 
icreas  may  not  be  a  formed  ferment.     We  answer  the  question  in 
le  negative  on  the  following  grounds: 
Firatly.     Perfectly  clear  glycerin  extracts   of  pancreas   may   be 
obtained  which  possess  the  fat -decomposing  powera. 

Secondly  and  thirdly.  The  action  is  one  which  is,  as  Bernard 
shewed,  almost  instantaneous,  and  in  this  respect  resembles  actions 
exerted  by  other  unformed  ferments,  and  is  unlike  those  which  are 
dependent  upon  organized  forms.  It  takes  place,  moreover,  in  presence 
of  such  bodies  as  thymol,  which  efifectually  prevent  the  action  of  the 
organised  ferments. 

Griitzner  has  found  thiU  the  richness  of  the  pan- 
creas in  the  fat-ferment  varies,  and  in  the  same  sense 
as  its  ricliness  in  diastatic  and  proteolytic  enzymes. 
Thus  the  pancreas  of  a  dog  is  poorest  in  the  fat- 
ferment  about  six  hours  after  a  rich  meal.  Thereafter 
the  an»ount  iticieases  up  to  the  fortieth  hour,  so  that 
the  pancreas  of  fasting  animals  is  richest  in  the  fat-ferment. 
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THE   PROTEOLYTIC    ENZYME, 

GrUtzner  believes  that  the  centra]   zones 
pancreatic  cells  not  only  form  the  proteolytic  en 
of  the   pancreas,    but   that   the    fat-decomposing 
diostatic  enzymes  are  also  formed  there 
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The  part  which  the  emiilsiouizing  and  fat-decomposing  propert 
of  the  pancreatic  juice  play&  in  intestinal  digestion  will  be  treated 
in  Chapter  VL 


Sect.  6.    The  Proteolytic  Enzybce — TnYPsm. 


Hitftorical  Tiotes  an  the  discovery  of  the  property  of  the  Pc 
Jaice  to  diesolve  and  digest  Froieide. 
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It  was,  we  are  informed  by  Corvisart,  diseovei 
Purkinji  and  Pappenheim  in  1836  that  the  pai 
can   furnish  extracts   which  possess  the  power  of  c 
solving  proteids^  but  the  discovery  seems  to  have  pas 
altogether  unnoticed*. 

Claude   Bernard   does  not  appear  to  have  kno 
the  researches  of  the  authors  just  mentioned.     In 
writings  on  the  pancreas,  he,  however,  stated  that 
pancreatic  juice  by  itself  has  no  action  upon  proteids,  but  that  i 
able  to  dissolve  them  either  when  they  have  first  of  all  been  subJM 
to  the  action  of  bile  or  when  it  acts  in  cuujuuction  with  bile.| 
pretended,  indeed,  tliat  by  mixing  bile  and  pancreatic  juice  a  hq[ 
is  obtained  possessed  of  new  properties,  being  capable  not  onlj 
emulsionizing  and   decomposing  fats  and  of  converting  starch  i 
sugar,    but   of  dissolving    proteids*.     To  this  function    of  the  p 
creatic  juice  Claude  Bernard,  however,  attributed  but  little  weii 
he,  indeed,  subordinated  in  a  remarkable  degree  the  other  functi 
of   the   pancreas   to  the  one  which  he   hml  himself  discovered, 
its  actioQ  upon  fats. 


Corvlsart's 
dlaeovertea^. 
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The  whole  merit  of  clearly  pointing  out  the 
error  into  which  Claude  Bernard  had  fallen  in  den^ 
a  proteolytic  action  to  the  pancreatic  juice  per  ae^  belongs  to  Lui 


^  The  reforenwp  ^ven  by  Corviaart  are  the  following :  Burdaoh,  Trailf  de  ph\ 
logic,  tmduit  par  Juardao  aor  la  deuxi^-me  Edition,  n*  vol.  p.  317.  Plana,  1 
D^aprbs  Froriep's  A'otir^n,  Vol.  H. 

'  TliiB  HtatemuDt  in  mode  btioautie  of  the  silence  of  all  the  important  sy^ten: 
writ«>rR  on  this  matter. 

>  Clande  Btiinard,  Lemons  de  Pkynologie  Exp€rimentaU^  Vol.  n.  (I806),  p.  440  €t 

*  Corvisart,  Sur  uru  fonction  ptu  connu^  du  PaneHoM:  La  Digation  dcg  Ai 
«o(A,  Paris,  1857-58. 
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Corrisart,  He  pointed  out  that  thia  juice  possesses  extraordinary 
power  of  digesting  proteida  at  the  temperature  of  the  body,  and  that 
It  possesses  this  power  in  neutral,  alkaline,  and  even  in  acid  fluids. 
Within  certain  limits  he  was  correct  in  his  assertion,  though,  as  will 
be  shewn  in  the  sequel,  pancreatic  proteolysis  ceases  in  a  too  acid 
inedium. 

The  energy  with  which  pancreatic  juice  can  act  was  shewn  to  be 
indeed  striking  by  Corvisart,  who  asserted  that  In  grammes  of  fluid 
obtained  during  the  sixth,  seventh  and  eiglith  hours  of  digestion, 
from  a  temporary  pancreatic  fistula,  digested  completely  in  two  hours 
five  grammes  of  blood-fibrin,  and  in  four  hours  aa  much  boiled  blood 
albumin. 

Corvisart  found  that  infusions  of  the  fresh  pancreas  made  by 
digesting  the  minced  gland  in  twice  its  volume  of  water  at  4^, 
for  two  hours,  possessed  in  an  intense  degree  the  proteolytic  power, 
l)eing  able  to  dissolve  from  40  to  55  grammes  of  moist  coagulated 
blood  albumin.  He  shewed  that  the  pancreatic  juice  and  extracts  of 
poucreas  not  only  dissolved  proteids  but  actually  converted  them  into 
peplones  having  the  characters  of  the  gastric  peptones. 

Corvisart  further  found  that  the  precipitate  produced  by  alcohol 
in  an  active  infusion  of  pancreas,  and  which  is  in  main  part  soluble 
in  water,  }'ields  a  solution  which  possegses,  appro.Kiraately,  the  wime 
power  of  digesting  proteids  as  the  infusion  which  had  yielded  it. 

The  period  of  dii;estion  at  which  an  animal  la  killed.  Coi'visart 
fouud.  has  a  great   influence  upon  the  activity  of  the  pancreatic 
extracts,  the  most  active  being  obtained  between  the  sixth  and  ninth 
ors  after  a  full  meal. 

Corvisart's  results  were,  however,  neither  generally 
accepted  nor  generally  confirmed  by  experimenters 
who  attempted  to  repeat  his  observations.  Thus  Kefer- 
steiu  and  Hallwachs'  and  O.  Funke'  denied  the  proteo- 
lytic power  of  the  pancreatic  juice  and  of  infusions  of 

psncreas,   asserting  that  when   proteids  are  dissolved   it   is   in  eou- 

•wjuence  of  a  process  of  putrefaction. 

>«iinBr*B  Meissner",  however,  corroborated  the  main  state- 

eteuTTfttionfl       ments  of  Corvisart  as  to  the  powerful  proteolytic  action 
•rron.  ^^  ^^^^  pancreatic  juice  and  of  infusions  of  the  pancreaa 

of  animals  during  digestion,  but  he  fell  into  the  strange  error  of 
believing  that  a  slightly  acid  reaction  was  absolutely  essential  to 
pancreatic,  as  it  is  to  gastric,  proteolysis. 

*  KcEentmn  and  HAllwachs,  "Ueber  die  Einvrirkung  des  pankreatisoben  Saftee  auf 
KweiM.**  NcKhrichUn  von  der  Kl.  Gea.  d.  WU*,  xu  G6ttingen,  1868.  No.  14  (quoted 
M  ivcoDd-hand). 

'  Fnnkc,  qaoted  by  MeiMner. 

'  Mcissner.  **  Verdauung  der  Eiweiaakorpor  darch  don  pankroatiacbcn  Saft."  Zeit- 
'ffifift/.  rat.  Meditin  von  Henle  u.  Pfeufer,  3rd  Ser.  Vol.  7  (1859),  p.  17. 
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Danue»8kyi  In  a   research   carried   on  under  the  direction 

reseorcboa.  Kiihue  in  the  Laboratory  of  the  Pathological  Institute  ■ 

of  Berlin,  Dunilewsky  *  thoroughly  confirmed  Corvisart*8  statemeuU  » 
to  the  powerfully  proteolytic  action  of  infusions  of  pancreas  tad 
devised  a  method  whereby  he  was  enabled  to  separate  approzim&tel]; 
the  diastatic  and  proteolytic  ferments  of  the  pancreas.  He  fouai 
that  the  hitter,  when  separated,  was  only  capable  of  digesting  proteids 
in  neutral  or  feebly  alkaline  solutions,  digestion  being  inhibited 
both  by  the  presence  of  free  alkali  and  of  free  acid. 

KiUme'a  Jn    gpjte    of   the   confirmation    which    Corviaan's 

researches  had  received  from  several  independent 
observers,  as  Schiff,  Meissner  and  Danilewsky.  the 
effect  of  the  contradictory  statements  of  oth(n's,  as  Keferateiu  and 
Halhvafhs,  O.  Futike,  and  Skiebitzki  had  been  such  that  in  1867, 
when  Kiiline  published  his  first  and  must  important  paper,  it  could 
not  be  said  that  the  proteolytic  function  of  the  pancreatic  juic« 
was  an  admitted  scientific  fact. 

In  this  paper*  Kuhne  not  only  fully  confirmed  the  statements  tif 
Corvisiirt  that  the  p;tucreatic  juice,  weight  for  weight,  has  a  far  greawf 
proteolytic  activity  than  the  gastricjuice,  basing  his  statements  upon 
observations  an  11  dogs  in  which  he  had  established  temporan 
fistulae,  but  he  annuunced  that  the  tissue  of  the  pancreatic  gland 
might  be  employed  in  effecting  the  digestion  of  pruteids,  iust^of 
the  juice.  He  announced  the  interesting  discovery  that  when  UooA- 
fibrin  is  subjected  to  pancreatic  digestion,  it  yields  not  merely  peptonei, 
ditfering  but  little  from  those  which  result  from  gastric  digestion,  but 
also  large  quantities  of  leucine  and  tyrosine,  and  in  those  cases  w 
which  the  proteolytic  action  had  been  accompanied  (as  commotJy 
occurs  when  it  is  long  continued)  by  putrefactive  changes,  foetid 
products  occur,  from  which  he,  later,  separated  indol. 


The  Researches  of  Heidenhain 


>teol^iP 


The  great  interest  which  had  been  awakened  in  the  proteoli 
activity  of  the  pancreas  by  the  researches  of  Kiihne  was  intensifiedi 
by  the  publication  in  1875  of  a  remarkable  Memoir  by  Heidenhaia - 
In  this  paper  the  author  described,  fur  the  first  time,  those  changes 
in  the  secreting  cells  of  the  pancreas,  corresponding  to  diflferent  states 
of  activity,  which  have  already  been  referred  to  (p.  197),  but  further 

'  D&Dilewskj.  "Ueber  itpeoififloh  wirkende  KSrper  dea  natilrlicheQ  and  klinsttibbi0 
panorefttiichcn  Sftfles"  (aas  dem  ohemifichen  Laborat.  d.  patholog.  Instituta  211  BerlinV 
Virehow't  Arehiv,  Voi.  26  (1862),  p.  267. 

'  KUhne, ''Ueberdie^Verdauun^ifderBiwfltasfltoffodurtihdeuPankreftMaft."  Virckor'* 
Archil,  Vol.  39  (1867),  p.  130.  It  must  not  be  forgottua  that  both  DaDilevskj'i  ftn^ 
Cofanheim'e  researches  on  the  enzymes  of  the  pancreas  had  been  carried  out  in  th'' 
Chemical  Laboratory  of  the  Patholugioal  Institute,  then  under  the  direction  of  Kiihne 

^  Ueidenbain,  '•  Beitrage  zur  ReDutnias  dea  Pauoreas."     Pfluger'a  J.rchtv,  V) 
pp.  557 — 632. 
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anuounced  the  remarkable  fact  that  the  fresh  pancreas  does  not 
contain  the  proteolytic  ferment  ready  formed,  but  a  body  which 
Seidenhain  termed  zymogen,  which  may  be  extracted  from  the 
gland,  and  which  under  suitable  treatment  yields  the  proteolytic 
ferment.     We  shall  describe  this  body  which  is  the  antecedent  of  the 

Eroteolj'tic  ferment  under  the  name  of  the  '  z^Tnogen  of  trypsin,'  the 
itter  being  the  name  by  which  Kuhne  has  denominated  the  pro- 
teolytic pancreatic  ferment. 


The  Zymogen  of  Trypsin, 

The  fresh  pancreatic  tissue  is  either  free  from  ready  formed 
proteolytic  ferment,  or  only  contains  traces.  A  few  hours  tifter 
removal  from  the  body  the  pancreas,  however,  always  contains 
trypsin.  The  change  which  takes  place  is  associated  with  the  acidi- 
fication of  the  gland,  and  Heidenhaiu  hastened  the  conversion  by 
treating  the  gland  substance  with  acids. 

The  zymogen  of  trypsin  is  soluble  in  glycerin,  which  may  there- 
fore be  used  to  extract  it  from  the  gland  tissue ;  it  is  likewise  soluble 
in  water. 

The  amount  of  zymogen  varies  according  to  the  state  of  actinty 
of  the  pancreas  and  corresponds  to  the  histological  changes  which 
occur  in  the  gland  cells,  being  largest  in  amount  when  the  granular 
imier  zone  is  abundant,  i.e.  when  the  gland  has  been  inactive  for 
some  time,  and  being  smallest  when  the  gland  celln  are  small,  and 

r their  inner  zone  poorest  in  granules,  i.e.  at  the  end  of  a  digestive 
period. 
The  zymogen  splits  up  with  the  development  of  free  trypsin 
(a)  in  watery  solutions,  with  a  rapidity  which  increases  with  the 
temperature,  (b)  in  acid  watery  solutions  more  rapidly  than  in 
Deutral,  (c)  in  solutions  of  neutral  and  of  alkaline  salts. 


X«thodof 

luiouof  the 
iTiQOfea  of 


The  pancreas  is  removed  immediately  after  death, 
covered  with  glycerin,  and  thereafter  comminuted  and 
pounded  in  the  glycerin.  After  some  days  the  glycerin 
solution  is  decanted  and,  if  needs  be,  filtered  In 
neutral  glycerin  solution,  zymogen  remains  indefinitely 
Undecomposed.  According  to  Kuhne,  alcohol  causes  its  decompo- 
Btion  and  the  appearance  of  the  ferment. 

It  has  been  asserted  that  when  oxygen  gas  is  passed  throiigh 
solutions  of  the  zymogen  of  trypsin  for  a  few  minutes  the  ferment  is 
•el  free,  whilst  hydrogen  gas  passed  through  a  similar  solution  of 
^ogen  has  no  efifect.  Solution  of  hydrogen  peroxide  acts  in  a 
fimilar  way  to  gaseous  oxygen,  as  aho  does  agitation  with  platinum 
black  V 

'  PodoUnald,  Beitrdgt  xur  Kenntni$t  dfs  pancrfati$chen  Eiwei$»/ement«.     BresUu. 
W  (quoted  by  Heideohain;  Herroann's  Handboch,  Vol.  v.  1,  p.  189). 
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Proteolytic  enzyme  of  dw 
t  has  been  stated  thttit 


The  earlier  attempts  to  separate  the 
pancreas  have  been  already  referred  ti\ 
first  it  was  believed  that  the  pancreatic  juice  contained  one  ferment, 
which  was  by  moat  writers  termed  * pancreaidn'  or  ' pancreatim* 
possessed  of  several  different  actions. 

Through  the  labours  of  Danilewsky  and  Cohnbeim,  both  working 
under  Kuhne's  direction,  it  was,  however,  clearly  made  out  that  llic 
different  actions  depended  upon  different  enzymes,  and  attempts  were 
made  to  separate  the  diastatic  from  the  proteolytic  ferment.  Th« 
former,  it  seemed,  was  neither  a  protcid  nor  associated  with  a  proteJd 
body,  and  the  latter  also,  according  to  Danilewsky,  when  in  a  state  of 
quasi-purity,  did  not  yield  the  proteid  reactions.  The  subaequt 
researches  of  Ktihue  appear  to  shew  that  Danilewsky  fell  into  ei 
the  proteolytic  enzyme  being  a  highly  complex  body  which  whec 
decomposed  yields  proteids  and  their  derivatives. 

gfihtni'a  m.9-  To  infusions  or  extracts  of  the  pancreas  rich  in 

thod  of  pr«-  trypsin,  alcohol  is  added  in  large  excess.  The  pre- 
pajin«  trypBln.  cipitate  (the  '  pancreatin  *  of  the  earlier  experimentenl 
is  dissolved  in  water  at  O^C.  and  precipitated  by  and  digested  for 
some  time  in  absolute  aleoliol.  The  precipitate  is  treated  with  water, 
which  leaves  some  albumin  undissolved,  but  which  dissolves  trypsin 
and  a  proteid  closely  resembling,  though  not  identical  with  native 
albumin,  and  to  which  Klihne  gives  the  name  of  '  Leukoid.' 

From  the  solution  leukoid  is  precipitated  by  adding  acetic  add 
until  it  amounts  to  1  percent.  Having  thus  got  rid  of  the  greater 
part  of  the  leukoid,  the  liquid  is  rendered  slightly  alkaline  by  me&ai 
of  sodium  hydrate,  and  the  precipitate  which  then  falls  is  filtered  oi 
The  solution  is  concentrated  at  a  temperature  of  40"  C,  when  the 
greater  part  of  the  tyrosine  which  is  always  present,  separates,  and 
to  the  solution,  alcohol  is  added  which  throws  down  the  enzyme  still 
contaminated  with  leukoid,  peptones,  some  tyrosine.  &c.  From  these 
bodies  it  is  freed  by  solution  in  water,  dialysis,  and  precipitation  by 
alcohol,  the  whole  series  of  processes  being  repeated  several  times  if 
necessary. 


EtyvwJogy  of  the  tcord  Trypsin. 
of  b 


In  one  ot  his  earlier  papers  on  tbe  proteolytic  enzyme  of  the  pancresa,  Ki 
announced  thnt  he  bad  named  this  body  (the  kuuwledge  of  which  we  oo'taiBtj 
to  him)  tnmtin^  without,  however,  vouchsajing  aoy  informatiou  aa  to  ihe  Qtjmoloff 
of  the  word. 

The  only  printed  information  on  the  matter  occurs  as  a  foot-noto  to  a  paper  I? 
(a  pupil  of  Kiihne's}  NeiuueiBtcr,  "  Zur  Fbyaioloii^ie  der  Eiweissrosorption  and  sarLdiii 
von  den  Peptonen"  [ZeiUchr.  f.  Biologle,  Vol.  27  (1890),  p.  S45.  NcumeiBtor  a)S 
referriua  eWdeully  Uy  wliat  its  couiiuou  knowledge  in  Heidelberg,  "'TrypMB**** 
bekanntlich  von  ^/HVro/iaL,  zerfnlle,  abgelcitct,  weil  dieses  Enzym  die  EiweiifilUlcpff 
sowohl  im  mcchaniBohen  ale  auch  im  chcmiachcn  Slnue  zum  Zerfall  bringt."  Obvicoa^. 
however,  it  must  be  from  the  active  Opdirrw,  to  break  in  pieces,  that  the  word  i* 
derived.  The  rendering  of  the  Greek  ff  by  the  t  in  '  trypaia '  is  due  to  the  faet  Uut^i* 
always  pronounced  by  Uermans  as  a  hard  onaspirated  t. 


I 
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Trypsin  is  very  soluble  in  water,  but  it  is  insoluble  in  alcohol 
id,  strangely,  in  pure  glyceriu.  The  watery  solution  is  not  deconi- 
by  long  digestion  at  40"  C,  and  when  evaporated  it  yields  a 
tanslucent,  non-crystalline,  yellowish,  solid  residue.  Trypsin  raay  be 
bng  digested  with  solutions  of  sodium  hydrate  at  ^Qf^  C.  without 
widergoing  decomposition. 

When  boiled,  trypsin  yields  about  20  per  cent  of  albumin  and 
80  per  cent,  of  peptone  (antipeptone). 

In  watery  solution  pure(?)  trypsin  is  able  to  dissolve  large 
quantities  of  raw  fibrin  with  surprising  rapidity,  indeed  well-nigh 
instauiaueously. 

^^  1.     Heidenhains  Method.     A  very  active  glycerin 

i^m^jjj- ^^       solution  of  trypsin  can  be  obtained   by  the  following 
uan  Miuuon    method    which    is  based    upon    the    behaviour   of   the 
*  trtrrpdn  from    zymogen  of  the  proteolytic  enzyme,  to  weak  acids; — 
tlMlttncreaaof  ^  ^^^^  jg  killed  from   18  to  20  hours  after  a  full 

meal  of  meat  and  the  pancreas  having  l>een  carefully 
removed  is  weighed  and  pounded  in  a  mortar  with  ground  glass ; 
the  comminuted  mass  is  allowed  to  remain  at  the  temperature  of  the 
laboratory  for  24  hours  and  is  then  well  mixed  with  1  c.c.  of  dilute 
acetic  acid  (1  per  cent.)  to  each  gramme  of  pancreas.  To  each  part 
by  treight  of  the  acid  mixture  there  are  addeii  10  parts  by  weight  of 
glycerin.  In  three  days  the  glycerin  solution  may  be  filtered  firoin 
ihe  insoluble  residue. 

1  Roberts's  Method.  This  has  been  described  under  the  head 
of  the  Diastatic  Enzyme  (p.  204). 

3.  Kuhne*s  Metfiods  of  preparing  active  Solutions  of  Trypsin, 
The  complexity  of  the  method  of  preparing  a  solution  of  pure(?) 
tiypsin  is  such  that  Klihne  has  devised  methods  by  means  of 
"Which  very  active  solutions  of  trypsin  may  be  uiatle  at  any  time 
ft*om  pancreatic  tissue  prepared  acconling  to  a  method  of  his  own, 
^Dd  which  admits  of  being  indefinitely  preserved. 

Pr«Mmifi«ry  The  frcsh  pancreas  of  slaughtered  animals^  that  of 

txutment  of       the  OX   being  generally  used,   is  freed   from  adhering 
••"•crtattc  fat   and  connective    tissue,  and   is   then    minced    and 

**■"■*  digested    first    with    cold    alcohol,  and    afterwards   re- 

peatedly extracted  with  boiling  etlier  in  one  of  the  many  forms  of 
«t  extraction-apparatuses.  The  insoluble  residue  is  then  exposed  to 
the  air,  so  as  to  allow  the  ether  to  evaporate,  when  there  is  left  a 
^hite  friable  solid  mass.  This  may  be  kept  indefinitely,  and  made 
of  to  prepare  solutions  of  trypsin.  It  is  now  au  article  of 
^>mmerce  in  Germany,  being  sold  b}'  those  who  deal  in  reagents  and 
'Uaterials  necessary  to  the  physiological  chemist,  under  the  term  of 
Kiihne's  'Paukreas-pulver'  (or  Fana\  siccum  purissimumf  nach 
Kiihue). 
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KiUuM't  first  One  part  of  the  dried  pancreas,  prepared  a«  abovB 

solution  of         de8cril>ed.  is  digested  at  ^O^C.  for  3  or  4  hours  with 
trypsin'.  iq  parts  of  a  solution  of  salicylic  acid  containing  0*1 1 

the  acid   per  cent.     The   mixture  is   then   passed  through  a  lii 
filter  and  the  filtrate,  after  it   has  been  allowed   to  ct>ol,  is  filtei 
through  paper.     If,  later  on,  tyrosine  crystallises  out,  the  prooen^ 
Rltration  is  again  repeated.     If  the  process  be  successful,  a 
quantity  of  the  solution  should  cause  a  preriously  warmed  flocculus 
of  fibrin  to  commence  to  break   down  in  one  minute,  and  8h( 
have  reduced  it  to  a  thin  magma  in  five  minutes. 

Kiiime's  se-  ^^^  grammes  of  dried  ox  pancreas  which  has  been 

oond  solution  purified  by  the  previously  described  alcohol-  and  ether- 
of  trypsin.  treatment  are  digested  for  twelve  hours  at  40""  C.  with 

500  grammes  of  a  0"17c  solution  of  salicylic  acid.  The  mixture  ij 
filtered  through  gauze.  The  residue  is  now  suspended  in  500  c.c  of 
a  0  :i5*/a  solution  of  sodium  hydrate,  and  thymol  having  been  added,  i^ 
digested  for  12  hours  longer.  The  first  salicylic  solution  is  likewiw 
digested  for  12  hours  after  it  has  been  neutralised  and  rendered 
alkaline  to  the  same  extent  with  NaOH. 

After  HlteriTig  and  expressiug  the  insoluble  matter,  both  ih 
solutions  are  united.  It  was  fouad  by  KUhne  that  of  100  grammes ')f 
solid  pancreas  which  had  been  worked  with  the  undissolved  residue, 
ai^r  drying,  weighed  12  grammes.  It  contained  the  nuclein,  the 
collagen,  and  the  undissolved  portion  of  the  elastin  of  the  pancreas. 


Sect.  7.    The  Conditions  necessary  for,  and  the  PrimarI 
Products  of  Trypsin-Proteolysis. 

The  inflosnce  ^^  ^^^  stated   by  Gorvisart  that   pancreatic  ji 

of  reaction  on  could  effect  the  solution  of  proteids  in  a  medium  d 
the  digestive  which  the  reaction  might  be  neutral,  alkaline  or  even 
actiTity  of  acid.      Meissner    afterwards    pretended    that   an  acid 

u^yi^sin.  reaction  was  necessary.     Danilewsky,  who  had  worked 

under  Kilhne,  Rtated  that  fibrin  is  oulv  dissolved  by  the  pancreatic 
juice  when  the  solution  is  neutral  or  feebly  alkaline,  a  small  quantitj 
of  alkali  hastening  the  process,  a  large  quantity  arresting  it. 

The  more  recent  researcheH  of  Kiihne  have  shewn  that  an  alkaline 
reaction  does,  in  fuct,  aid  the  proteolytic  action  of  trypsin,  its  activity 
being  greatest,  ccnterts  ptnibtis,  in  solutions  containing  about  1  ^ 
Icent.  of  Na,CO,.  The  pancreatic  juice  itself  is  a  powerfully  alkalift^ 
solution,  and  its  alkalinity  depends  upon  the  above-mentioned  salt 
There  can  be  no  doubt,  however,  that  trypsin  besides  acting  inW 
alkaline,  can  also  do  so  in  a  neutral,  medium  and  in  one  vhoae 

'  V.  Kiihne,  "Verwendung  der  Verdauung  in  der  Gcwebaanalyee,"  VnUnVfehm^ 
av*  dtm physiologuch.  Institute  <Ur  Vnivi^rtiUtt  Heidelberg,  Bd.  1,  1878,  Heft  u.  S,dSL 
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reactioD  is  feebly  acirl.  The  conditlouB  for  its  activity  are  therefore 
leen  to  be  such  as  enable  it  to  exert  its  action  under  the  three 
possible  sets  of  conditions  which  may  and  do  prevail  under  varying 
circumstances,  in  the  smaLl  intestine. 

Kuhne  asserted*  that  trypsin  is  injuriously  affected  by  the 
pregence  of  hydrochloric  acid  when  it  is  in  greater  proportion  than 
05  per  1000,  and  the  statement  is  correct,  inasmuch  as  some 
weakening  of  the  digestive  action  results.  It  has.  however,  since 
been  shewn*  that  trypsin  can  exert  its  solvent  action  on  fibrin  under 
cuDditions  which  would  formerly  have  been  considered  impossible. 
C  A.  Ewald  has  observed  trypsin  proteolysis  of  fibrin*  to  go  on  in  a 
liquid  containing  0*3  per  cent,  of  HCl,  and  the  observation  has  been, 
in  a  measure,  confirmed  by  Mays,  in  a  research  conducted  in  KUhne's 
laboratory  *. 

It  appears,  however,  that  digestion  of  fibrin  by  tr3rpsin  can  only 
goon  in  dilute  hydrochloric  acid  containing  0'3  per  cent  of  the  acid, 
if  there  be  a  large  ({uantity  of  fibrin  present.  As  will  be  pointed 
out  again,  it  is  unquestionable  that  trypsin  is  gradually  destroyed  by 
dilute  acids,  the  researches  of  Langley*  having  fully  confirmed  the 
original  statements  of  Klihne,  by  shewing  that  a  glycerin  extract 
of  the  pancreas  when  warmed  Tor  two  and  a  half  huurs  with  a 
wlution  containing  005  per  cent,  of  HCl,  loses  a  very  appreciable 
UDouut  of  its  trypsin. 

fteinfluenod  ^^^  observers  have  agreed  in  stating  that  the  acti- 

•fteaperator*  vity  of  trypsin  increases,  within  certain  limits,  with  the 
^tUdicective    temperature. 

^^  ''  Roberts"  has  carefully  studied  the  influence  of  tem- 

peratm-e  upon  the  activity  of  trypsin,  and  states  that 
^is  increases  to  00*^0.  and  then  rapidly  falls,  all  action  ceasing 
^tweenTo^C.  and  80**  C. 


The  Geyieval  Phenomena  of  Proteolysis  by  Trypsin, 

Since  the  first  careful  study  by  Kilhne  of  the  action  of  trypsin  on 
pr»>teitJa,  bloo<i-fibrin — -the  very  proteid  which  Kuhne  used  in  his 
*-"^Tlier  experiments — has  been  chiefly  employed   for  the  same  pur- 


'  Knhne,  Verhandiunffen  det  NaturhUt.  Med,  Vereiru  m  Heidelberg^  Bd.  1. 
^      '  Eiu^esBcr,  "  Beitrage  zur  therapeutischen  VGm'endang  d.  Bandifpeioheldrfise  von 
^^ikehtthierea   and   deren    Praparate."  Deut$ch.    Archiv  f.    klin.   Mediein,  Bd.  24, 
^-  539. 

*  C.  A.  Ewald.  "  Dat  Engesser'sohe  I'anlcreaspolTer."    Zeitwhrift  f.  klin.  Med,,  Bd. 
*^>  8.616. 

^*  Xul  Maya,  *'  Ueber  die  Wirkung  von  Trypsin  in  Siiuren  und  von  Trypaio  and 
^H**  aafemander, "  Untentuehungrn  a.  d.  phy$iolog.  Institut  in  Heidelberg,  Bd.  3, 
•-  178, 

'  i.  N.  Langley,  "  On  the  Destruction  of  Ferments  in  the  Alimentary  Canal."  Joum. 
'^f  Pkynoingu,  Vol.  3,  p.  263. 

*  W,  BoberU,  M.D.,  F.H.S.,  "On  the  EBtimation  of  the  Ajnylolytio  and  Proteo- 
^Afitirity  of  Pancreatic  Extracta."     Proeeedingt  of  the  Uoyal  Society, 
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pose,  and  we  shall,  on  this  account,  in  our  brief  sketch  of  the 
teolytic  action  of  trypsin  conline  our  attention,  in  the  first  iust 
to  fibrin. 

Blood-fibrin,  obtained  by  stirring  recently  shed  blood  with 
and  then  wa-shiug  in  a  stream  of  water  until  it  has  become  perfec 
white,  is  very  readily  digested  by  trj'psin.     The  fibrin  may  be 
raw  or  thoroughly  boiled  condition,  some  obser\'ers  having  emplij 
it  in  the  orje.  others  in  the  other  condition.     Thoroughly  boiled  fil 
whilst  it  is  somewhat   less  rapidly  acted  upon  than   the  unl 
presents  the  great  advantage  that  it  has  been  freed  from  organic  gt 
and  especially  from  putrefactive  bacteria,  by  the  process,  so  thi 
making  use  of  it,  it  is  easy  to  conduct  a  pancreatic  digestion  so 
avoid  the  development  of  putrefaction  and  the  subsequent  onnplii 
tioua  which  the  putrefactive  process  introduces  when  its  iufiueDc 
superadded  to  that  of  trypsin. 

As  will  be  seen  in  the  sequel,  it  is,  however,  easy  to  inl 
putrefactive  changes  during  the  course  of  a  pancreatic  digestion,! 
the  use  of  salicylic  acid  or  of  thymol,  agents  which  whilst  they 
vent  the  development  of  putrefactive  germs  and  therefore  of  put 
faction,  exert  no  unfavourable  influence  on  the  pancreatic  enzy 
which  in  the  presence  of  thesi;  chemical  agents,  manifest  their  i 
racteristic  activities,  unchecked. 

When  boiled  fibrin  is  placed  in  a  1  p.c.  solution  of  sodium 
bonate,  Na^COj,  at  the  temperature  of  41)*' C,  it  remains  uucbat 
If  a  small  quantity  of  an  active  glycerin  extract  of  pancreas,  or 
other  active  preparation  of  trypsin,  be  added  to  the  fluid,  solut 
very  soon  commences. 

In  this  and  other  similar  experiments,  that  most  admirable  pre] 
knoMoi  as  Benger's  '  Liquor  Pancreutious '  may  be  used  with  great  odi 
tage.  Apart  from  it8  great  and  uniform  activity,  there  is  no  risk  wilt  i* 
(if  scrupulous  attention  to  cleanliness  have  l>een  observed  in  boiling  tb» 
fibrin,  and  solution  of  NajCOj,  sterilifling  the  Bask  in  which  the  digeitiM 
is  carried  on,  6ic.)  that  the  digestion  will^  against  the  wish  of  the  expen* 
mooter,  become  putrefactive. 

It  is  to  be  noted  that,  under  the  influence  of  trypsin,  the  fibrin 
does  not  undergo  any  preliminary  process  of  swelling,  as  is  the  case 
when  fibrin  is  subjected  to  the  action  of  pepsin  and  hydrochloric 
acid. 

Ab  the  solvent  action  of  trypsin  proceeds,  the  fibrin  does  BO* 
become  translucent,  but  its  margins  become  more  and  more  erotied, 
and  it  diminishes  in  size,  gradually  ilisappearing,  and  often  leavinjl 
scarcely  any  residtie,  although  as  a  rule  a  certain  amount  of  a  grovish. 
pulverulent  residue  is  obtained  when  a  considerable  quantity  of  fibria 
IS  digested  by  means  of  trypsin. 

The  course  of  pancreatic  digestion  proceeds,  as  has  been  alreftdr 
said,  in   a  very   different  manner   when   putrefactive  changes  ak 
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1  to  set  iij,  and  in  studying  uncomplicated  digestion  by  tn'psin 

ow  usual,  according  to  Kiihne  8  diiections,  to  employ  Balicylic 

id  thymol,  agents  which,  in  certain  proportions,  do  not  affect  the 

of  the  pancreatic  enzymes,  whilst  they  absolutely  check  the 

ppment   of  those  organisms   which   are  the  essential  cause  of 

faction.     We  are  thus  able  to  study  the  process  of  the  decom- 

on  of  the  proteids  by  trypsin,  uncomplicated  by  the  presence  of 

itB  of  bacterial  action. 

jjjjjjjy  The  first  products  of  thn  action  of  trypsin  upon  the 

of  proteids  are,  as  has  been  already  repeatedly  stated,  the 
»  same  as  those  which  result  from  the  action  of  acids  and 

^  pepsin  at  a  suitable  temperature,  to  wit,  hemi-aibumose 

);ti-albumose,  and  these  by  the  continued  action  of  trypsin  are 
ted  into  hemi-peptoue  and  anti-peptone. 

e  have  already  pointed  out  that  it  is  a  characteristic  of  hemi- 
me  that  under  the  influence  of  trypsin  in  alkaline  media  it 
rgoes  decomposition,  yielding,  in  the  first  instance,  such  bodies 

Eine,  tyrosine  and  glutamic  acid,  whilnt  anti-peptone  absolutely 
the  action  of  trypsin  and  may  thus  be  obtained  with  com- 
ift  ease  free  from  all  traces  of  herai-peptone. 

It  is  of  interest  to  ascertjiin  so  far  as  possible  the 
quantities  of  the  chief  products  obtained  when  a 
proteid  is  subjected  to  digestion  with  trypsin.  One  of 
the  earliest  of  Klihue's  experiments  furuiiihes  us  with 
this  information. 
c  A  ([uantity  of  blood-fibrin,  corresponding  to  382  grma. 

m  dried  substance,  wjvs  digested  in  G  litres  of  water  at  a 
Mature  of  about  40 'C,  in  the  presence  of  Na,COg,  through  the 
jy  of  choppcd-up  dog's  jmncreas  weighing  55  grms. ;  the  solid 
&r  in  the  pancreas  used  was  calculated  to  be  15'2  grms.     At  the 

Em  of  the  digestion  it  was  found  that  3437  grms.  of  fibrin 
d  into  solution.    From  the  latter  the  peptone  obtained  by  pre- 
I  with  alcohol  amouTited  to  211'2  grms.;  further,  there  were 
ned  13'3  gnns.  of  tyrosiu  and  31'G  grms.  of  leucin.    In  this  diges- 
the  amount  of  ]ii.'ptone  obtained  amounted  to  53  per  cent.;  the 
e  to  7*9  and  the  tyrosine  to  :J'3  per  cent,  of  the  combined  water- 
brin  and  gland  digested,  whilst  about  20  per  ceut.  of  other 
n  Boluble  products  were  formed, 

Under  the  influence  of  bacterial  action,  as  we  shall 
afterwards  have  to  shew,  the  digestion  of  proteids  by 
trypsin  is  associated  with  the  evolution  of  large  quanti- 
ties of  inflammable  and  foetid  gases.  When  however 
bacteria  are  excluded,  the  decomposition  of  proteids  by 
tr3'psin  proceeila  without  the  evolution  of  gases,  as  has 
by  the   researches  of  Htifner\     This   observer    found 

'TTeber  uORefonnte  Ferment«  und  ihre  Wirkungen  be!  der  Pankreas- 
Joumal  fiir  pmkt.  Chgmie,  Vol.  x.  p.  1. 
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that  in  the  absence  of  bacteria  there  is,  during  prolonged  digestios 
by  trypsin,  an  absorption  of  oxygen  from  the  surrounmng  mediom 
(as  from  the  air  of  the  Eask  in  which  the  digestion  is  carried  o&) 
and  a  development  of  CO^  the  amount  of  this  gas  evolved  being 
however  very  small.  We  shall  afterwards  draw  attention  to  the 
results  of  Nencki's'  observations  on  the  gases  formed  duriiig 
pancreatic  digestion  associated  with  putrefaction. 

We  have  now  to  study  in  succession  the  chief  products  of  the 
action  of  trypsin  on  proteids. 


Sect.  8.    Anti-peptone  resulting  from  the  action  of 
Trypsin  (Syn.  Tryptone). 

Our  knowledge  of  the  mode  of  preparation,  composition  and 
reactions  of  anti-peptone,  the  product  of  the  prolonged  action  of 
trypsin  acting  in  an  alkaline  medium,  at  a  suitable  temperature,  is 
based  entirely  on  the  researches  of  Kuhne,  and  of  Kiihne  and 
Chittenden.  The  most  recent  information  concerning  anti-peptone  is 
contained  in  a  paper  to  which  reference  has  already  frequently  been 
made  in  the  preceding  pages^ 

KodaofpM-  Blood-fibrin    is    the   most  convenient  proteid  to 

paraUon  of        employ  in  the  preparation  of  anti-peptone,  or  indeed 
«ati-p«ptoiw       iu  general  whenever  the  chief  products  of  decomposition 
from  Uood-        0f  the  proteids  by  trypsin  are  to  be  studied. 
^^^'  In  nis  experiments  Kiihne  took  well-washed  blood- 

fibrin,  boiled  it  in  water,  then  in  alcohol,  and  extracted  it  with  ether. 
The  fibrin  whicli  had  thus  been  purified  was  again  boiled  in  water 
and  then  subjected  to  the  digestive  process. 

In  his  earlier  researches  on  pancreatic  digestion,  Kuhne  prevented 
tho  onset  of  putrefaction  by  employing  an  extract  of  pancreatic 
gland  made  by  digesting  the  pancreas  in  a  solution  of  salicylic  acid. 
Thus  in  one  experiment  he  digested  800  grms.  of  pancreas  at  40' C 
in  "2  litres  of  water  containing  4  grms,  of  salicylic  acid,  and  employed 
tho  solution  of  ferment  thus  obtained  to  effect  the  digestion  of  large 
ijuantiiios  of  fibrin. 

In  his  more  recent  experiments,  in  association  with  Chittende* 
Kuline  has  carried  on  his  digestions  with  the  aid  of  extracts  * 
pancreas  which,  mutatis  mutamiis,  were  made  essentially  in  t^ 
manner  desoribeii  at  page  222 ;  viz.  by  first  digesting  pancr^- 
which  had  been  dehydrated  and  freed  from  fat  by  treatment  wi-' 
ali\>hol  and  ether»  in  01  per  cent,  solution  of  salicylic  acid,  and  aft^ 
wanls  digesting  the  nmiissolved  residue  of  the  gland  in  0*25  per  ce* 
si^lution  of  sodium  hulmte  to  which  thymol  had  been  added 

^  N^u^k-i. '  IVber  «tii^  Zers«rUun^  tikr  G^lacine  xmd  de^  EiveUa^  bei  der  Faoln^ 
mi«  l\uioiv»*.'     Malik's  ^uJkrw^^rcVA/,  Vol.  ti.  \1^7<ft'.  p.  31. 

*  Kahn«  *n\l  Cliiitvxt^xi,  '  Veber  die  Pvp(v^n«.'     ZrirArAnr)  tHr  Biolo^fUy  Tol.  xx::^ 
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The  following  actual  examples  taken  from  Kuhue  and  Chitten- 

's  researches  will  explain  the  processes  to  be  followed  in  pre- 
fkaring  anti-peptone. 

300  grms.  of  dry  fibrin,  which  had  been  purified  as  stated  above 
and  as  a  last  process  bad  been  boiled  iu  water  and  the  water 
expressed  with  the  hand,  were  found  to  weigh  970  grms.  Thia 
(jnantity  of  moist  fibrin  was  placed  in  three  litres  of  a  0*25  per  cent 
solution  of  sodium  hydrate,  to  which  A  per  cent,  of  thymol  had  been 
added.  The  infusion  obtained  (as  explained  previously,  viz.  by  the 
salicylic  acid  and  NaHO  and  thymol  method)  from  88  grms.  of 
pancreas  was  then  added  to  the  fibrin  and  the  whole  mixture 
digested  at  40"C.  during  sLx  days.  The  very  first  day  nearly  the 
whole  of  the  fibrin  was  dissolved,  though  a  little  yet  remained 
Qudissolved  and  floated  on  the  surface  of  the  licjuid. 

The  digested  liquid  was  slightly  acidulated  with  acetic  acid, 
boiled,  and  filtered  through  cloth,  and  the  filtrate  concentrated  to 
1  litre.  On  cooling,  tliere  crystallised  out  the  greater  part  of  the 
I  leucine  and  tyrosine  which  had  been  formed^  and  to  the  brownish 
syrup  which  was  drained  off  alcohol  was  added  until  a  precipitation 
of  piiptones  commenceii.  The  liquid  was  then  boiled,  to  dissolve  any 
precipitated  peptxine,  and  set  aside  again  to  crystallise.  The  filtrate 
from  the  second  ciystallisation,  now  tolerably  free  from  amido-acids, 
was  saturated  with  ammonium  sulphate.  This  reagent  besides  pre- 
cipitating any  albumoses  which  may  be  present,  carries  down, 
according  to  Kuhne  and  Chittenden,  many  accidental  impurities, 
and  seems  to  precipitate  very  perfectly  the  trypsin  which  may 
yet  be  present  in  the  liquid.  The  filtrate  from  the  ammonium 
sulphate  precipitate  was  theu  freed  from  a  great  part  of  the  salt  by 
concentrating  it,  cooling  and  allowing  the  salt  to  crystallise  out,  the 
separation  being  aided  by  the  addition  of  considerable  quantities  of 
alcohol.  In  order  finally  to  free  the  peptone  from  the  amnioniacal 
salt,  the  same  process  was  followed  as  for  the  preparation  of  ampbo- 
peptones  from  fibrin  (see  page  137);  i.e.  the  solution  was  boiled  with 
barium  hydrate  and  barium  carbonate,  and  after  expulsion  of  the 
whole  of  the  ammonia  by  boiling,  the  compound  of  auti-pcptone 
and  barium  was  decomposed  by  means  of  sulphuric  acid.  The 
peptone  was  repeatedly  precipitated  with  alcohol.  When  dried  at 
105°  the  anti-peptone  obtained  from  300  grms.  of  fibrin  weighed 
ISO  grammes. 

Kiifane  and  Chittenden  found  as  much  difficulty  in  drying  anti- 
peptone  as  they  had  encountered  in  the  case  of  ampno-peptones. 

Anti-peptone,  like  ampho-peptoue,  is  only  com- 
pletely precipitated  from  its  solutions  by  the  following 
reagents: — tannin,  a  solution  of  iodide  of  mercury  iu 
potassium  iodide;  and  almost  completely  precipitated 
by  phospho-tungstic  acid,  phosplio-molybdic  acid  and 


B«actloiiB  of 
lolTttlons  of 
lotl-peptone 
free  from  albu- 

fflOSM. 


picric  acid. 
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Kubne  and  CbitteudcD   have   compared    the    actioa   of  m; 
reagents  on   anti-peptone  and  ampho-peptone,  and  the  resatu  ^ 
these  obBenrations  are  exhibited  below'. 

Reactions  of  Peptones  free  fnm  aibumoses  and  pmijied  h} 
phospho-tunffstic  acid^ 

In  5  per  cent,  solution,  after  being  made  noticeably  alkuKnc  vitk 
a  trace  of  nodium  carbonate. 

ra»to»nrt>flDMu 

Tfcrtn  imptifi  nTli>      H 

Aoetio    acid    and    potassiam 
ferrooTftnida. 

At  finit   perfeolly  dear.  hUer    The  same.                 H 
knoB  of  opaUaoenoe.              |                                  ■ 

N«otnl  le*d  acetote. 

FSnidrop,  0;  mor«,  tarludit7.    The   aame.  but  idsaB 

Bmic  laftd  Mseute. 

Toxbidity  immediatdj ;  more, 
atroQg  turbidity. 

1  The  aauM,  bat  viiht 

Merrario  cldoride. 

Fint  drop,  0;    more,  strong 
turhidi^. 

Tnrbidjty  immediMlr. 
growing  strong*. 

5  per  cent,  cnprie  salphnte. 

At   first   elcai:    more,    tlight 
tiirbidity  disappearing  with 
great  excess. 

Kothing. 

5  per  cent,  platmom  chloride. 

Only  exoeas,  strong  torbidity. 

Nothing. 

Chromioacid. 

Nothing. 

Nothing. 

Ferric  chloride. 

A  trace  gives  tarbidity  vanish- 
ing with  the  least  oxoeoa. 

Nothirip. 

sulpbnric  acid. 

Brownish  red. 

Thenme^ 

Nitric  add. 

The  colonr  changing  yellow  ia 
the  oold. 

The  same. 

Boiling     with    cocc,    hydro- 
chloric acid. 

The  colonr  becomes    slightly 
darker. 

The  same. 

KOUon's  reaction. 

At  first    a   heavy  white  pre- 
dpttate;  on  warming,  dirty 
yeUow  or  reddish. 

The  same,  then  IkH*- 
ful  red  colour. 

1  Kilhne   and  Chittenden.    *Peptoneg.*    StndUe  from  the  Lahoratorf  ^  WW^M 
ChtmUtry  of  YaU  Vnlvertity  (for  the  year  1885 — 8G),  see  p.  40.     This  |aBlf9^| 
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Employment  Trichloracetic  acid,  CCl.COOH,  has  of  late   been 

S;'*^"***'  *^™pl'^7®^  ^^  *  precipitant  of  albuminous  bodies  gene- 
ipltant  of  ^^y*  both  in  qualitative  and  quantitative  analyses*, 
and  Thus  it  has  been  used  in  the  quantitative  analysis  of 
albumin  iu  urine  and  of  casoin  in  milk. 
It  would  appear  that  this  acid  throws  down  both  albumoses 
And  peptones,  the  latter  less  perfectly  than  the  former.  In  dilute 
solutions  of  peptones,  trichloracetic  acid  fails  to  produce  a  pre- 
cipitate. 


SEa.  9.    EnI'MERATIon  of  the  Products  (other  thax  Albumoses 

AND  PbpTOXES)  of  THE  ACTION  OF  TrYPSIX  UPON  THE  ALBUMI- 
NOUS Bodies. 

General  Observations. 

Besides  the  bodies  which  liave  been  already  described  as  albu- 
moses and  peptones,  trypsin  when  it  acts  upon  the  albuminous 
bodies,  even  in  the  absence  of  putrefactive  bacteria,  gives  rise  to 
the  appearance  of  numerous  substances,  the  products  of  a  far- 
reaching  decomposition  of  the  complex  albuminous  molecule,  and 
which  are  fonned  altogether  indopendontly  of  oxidation: — products 
which  are  likewise  obtained,  some  iu  one  case,  some  in  another, 
when  the  same  bodies  are  acted  upon  by  various  reagents  whicli 
^^  capable  of  effecting  their  hydrolytic  decomposition.  Thus  under 
the  action  of  solutions  of  barium  hydrate  at  high  temperatures,  by 
f<ifiion  with  caustic  alkalies,  by  boiliiig  with  dilute  sulphuric  acid, 
by  boiling  with  stannous  chloride  and  hydrochloric  acid  &c.,  we 
'  >bt^D  from  the  albuminous  bodies  proper  and  from  the  substances 
ilosely  related  to  them  (which  we  have  designated  albuminoid) 
Several  definite  crystalline  products,  which  vary  somewhat  with  the 
nature  of  the  decomposing  agent,  but  of  which  the  chief  are 
represented  in  the  products  of  a  normal  '  tryptic '  digestion  carried 
on  in  vitro,  under  conditions  which  exclude  the  modifying  action  of 
putrefactive  organisms. 

Amongst  the  usual,  we  may  say  constant,  products  of  the  action 
of  tr)'p8iD  on  the  proleids  is  a  body  which  when  present  in  a 
digestive  solution  causes  it  to  assume  a  red  colour  on  the  addition  of 
chlorine  water,  and  a  more  or  less  violet  colour  when  bromine  water, 
^^  added  to  it.  This  product  will  be  discussed  iu  the  sequel  under 
fli6  name  of  'tryptophan'  (suggested  by  Neumeister);  a  name 
"indicating  that  it  is  a  colouring  matter  produced  when  the  proteid 
molecule  is  broken  down. 

^sUtioD  of  the  German  original.  *  Ueber  die  Peptone.*    ZeiUchrift  fUr  Biologie, 
VnL«n.  (1886),  «ee  p.  45<). 

^  Obermiiyer,  '  lTet>er  die  Anwondang  dcr  Trichlorcsaigsiinre  in  der  ph^Biologiooh* 
c^umisoheD  Analyse,'  See  h  long  epitome  by  Profeaaar  Andrt*ascli  in  Malv^ 
JthtdUrieht,  Vol.  xix.  (for  1888),  p.  7— JO. 
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The  most  important  of  the  products,  to  which  reference  is  dov 
made,  and  of  which  a  more  or  less  detailed  description  will  follow 
are:  Ist,  amido-acids  of  the  fatty  group,  to  wit: — amido-caproi 
acid  or  leucine :  amido-valerianic  acid :  asparagine  and  glutami 
acid.  2nd,  an  amido-acid  of  the  aromatic  series,  viz.  tyrosinf 
3rd,  two  bases,  lysine  and  lysatinine.     4th,  ammonia 
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L  la    The  Amid«)-acids  resulting  from  the  Action  of 
ft  Tbypsin  on  the  Albuminous  Bodies. 

odnctory  ^^  ^^^  replace  an  atom  of  H  in  the  alcohol-radical 

.ttona  of  certain  acids  by  the  monatomic  NH,-,  or  amido- 
udo-  gen-»  group,  amido-acids  are  formed.  Thus  by  re- 
placing in  the  case  of  acetic  acid,  CH^COOH,  one  H 
TBdicai  CH,  by  NH„  we  obtain  CH  (NHjCOOH,  amido- 
;id,  commonly  knovm  as  glycocoll  or  giycocine,  a  body  wliich 
if  products  obtained  from  gelatin  by  long  boiling  with  dihite 
ic  acid,  and  which  also  results  from  the  hydrolytic  decom- 
of  hippuric  and  glyco-cholic  acida. 

other  example  of  an  araido-acid  derived  from  a  fatty  acid  is 
led  by  the  body  leucine,  to  be  immediately  couaidered  in  detail, 
dkich  is  an  amido-caproic  acid. 

ithe  case  of  each  individual  acid,  the  method  by  which  it  can 
pained,  as  well  as  its  special  characters,  and  more  important 
bnds  and  reactions,  will  be  described  with  sufHcient  fulness. 

We   shall    Imve   to   point   out    timt  the  differences  in 
the  solubility  of   the  amido-acids  in  water   aud   absolute 
iilcolin],    respectively,    affni-d   a   i-eady    melius    of    separat- 
ing certain  of   the  Hini<Io-aoids  (leucine  and  tyrosine)  which 
are  principal  products   of   pancreatic  proteolysis.     In  ad- 
dition to  tliese  Iheie  arp,  however,  others,  some  of  which 
been  separated,  and  others  await  investigation.     The  coni- 
with  Cu  aid  u.s  in  this  searcli.     All  the  amido-acids  form  very 
[y  soluble  and  detiniUj  crystalline  conipouuds  with  copi^er,   which 
^ily  obtained  by  boiling  the  mpu^ous  Holution  of  the  acid  or  iicids 
Mo|>erIy  precipitated  cupric  hydrate  Cu(UH)j,  filtering  and  allowing 
ution    to    cool ;    unless   the    solution    have    been    very   dilute    the 
Lpound  will  tbeu  separate.      These  compounds  inHV  be  purified,  the 
;  of  Cu  which  they  contain  determined,  and,  besides,  they  may  be 
lOfted  by  H^S,  aud  the  amido-acid  obtained  iti  a  pure  condition*. 

Istly.     When  treated  with  nitrous  acid  the  whole  of 
""    their  N  is  evolved  in  the  gaseous  form  and  an  oxy-acid 
is  formed,  thus : — 

CH/NH,)COOH  -h  HNO,  =  CH^OH)COOH  +  N,  -i-  H,0 

Olyoocine.  Oxyacetic  or  gl^ooUio  noid. 

)t  to  the  individual  amido-acids  for  details  aff  to  the  oompoaitioD,  prep&rfttioQ, 
^nd  decompoftitioD  of  the  Co  coraponnds. 
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ism. 


(2)    CH^CH,),CH(NH,)COOH  +  HNO-  ■ 

^m_  ^- ^ ■"  .^^H 

^^k  Q'Ainidotiarm&l  caproic  acid,  ^^^H 

■  =  CH,(CH,)3CH(0H)C00H  +  N,  +  H,0.  ^H 

^^^  Oxycaproic  or  leucic  acid.  ^^^H 

2ndly.     Whea  heated  with  barium  hydrate,  the  amido-acids  split 
up  into  alcohol  bases  and  carbon  dioxide.     Thus : 

CHXNH,)COOH  =  CH,NH,  +  CO,. 

Glyoocine.  Methjlnmine. 

To  conchidc  these  few  very  elementary  observations  on  the 
amido-acids,  it  may  be  remarked  that  these  bodies  in  virtue,  fintly. 
of  the  acid  carboxyl-group,  and  secondly  of  the  basic  amido-group 
which  they  contain,  are  at  once  acids  nnd  i>ases,  combining  both  with 
bases  and  acids  to  form  salt-like  compounds. 

Leucine  (C,H.,NO,)'. 

CH,    CH, 

(a'amido-tsobutylacetic  acid  CH-CHa-CH{NlL,)COOH.) 

Leucine  has  been  found  in  several  of  the  tissues  anil 
organs,  especially  of  the  glands,  of  the  healthy  body: 
in  the  spleen,  the  thyniuH,  the  thyroid,  in  the  parotid 
and  Rubmaxillary  glands,  anil  above  all  in  the  pancreas.     It  is  to  tk   i 
eminent  pathologist  Virchow'  that  the  merit  belongs  of  having  firsi 
disco\^ered  leucine  and   tyrosine  as  non-pathological  constituents  ot 
the  pancreas,  both  in  man  and  the  lower  animals.     He  pointed  out, 
further,  that  the  pToximat^>  principle  which  Scherer  had  separated 
from     the    spleen    and    called    lienin    was    undoubtedly    leucine. 
Virchow's  short  and  apparently  forgotten  paper  is  of  great  interest 
in  connection  with  the  history  of  discoveries  in  pancreatic  digestioa 
Scherer'  separated  from  20  pounds  of  the  pancreas  of  tlie  ox,  180 
grammes  of  pure  leucine,  an  amount  which  corresponds  to  1*77  per 
cent,  of  the  i're.sh,  and  to  7'37  per  cent,  of  the  dried  and  water-free 
glandular  tissue.     At  the  time  when  Scherer  analysed  the  pancreas. 
the  discovery  afterwards  due  to  Kuhne  had  not  b*^n  made.  viz.  thft^ 
trypsin,  as  a  result  »>f  its  digestive  activity,  splits  up  the  albumiaon^ 
bodies,  and  that  amongst  the  most  obvious  and  best  characterise^ 
products  are  leucine  and  tyrosine:  further  that,  as  the  result  o»  } 
process  of  aato'digesiiou,  the  gland  soon  after  death  is  found    * 
contain  such  considerable  quantities  of  these  amido-acids  as  w^^ 

*  Leuoine  (from  >ei*(St.  bright,  clear,  white)  owes  itB  name  to  ita  diaoove** 
Braconnot,  who  probably  wished  to  emphasize  the  origin  of  the  colourlcsR  crya^ 
which  he  hatl  obtaiited  from  \\\k  black  charred  products  resulting  from  the  actioO  ^ 
boiling  sulphuric  acid  un  mnscle. 

'  Kud.  Virchow,   '  Zur  Chemie  des  Pancreas.'     Vitchoic^i  ArchU\  Vol,  vn 
p,  680. 

>  Scherer,  Liebiij'a  Annalen,  Vol,  cxu.,  p.  2£7. 
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certainly  not  existent  at  the  time  of  death.  The  question  then 
arises  whether  any  of  the  leucine  found  in  the  pancreas  is  to  be 
looked  upon  as  a  uomial  conslitueut  ante  mortem.  Numerous  facts 
enable  us  to  answer  this  question  in  the  affirmative. 

Radziejewsky,  in  1865,  under  Kiihne's  guidance*,  made  a  research 
witb  the  express  object  of  determining  whether  leucine  and  tyrosine 
■re  normal  constituents  of  the  body ;  with  this  object  the  various 
organs  were  removed  immediately  after  animals  had  been  killed, 
pluDged  into  spirit,  then  itnrnediatcly  cut  into  fragments,  and 
pomaded  with  the  help  of  .sauil  The  alcoholic  solution  was  then 
investigated.  It  was  found  that  whilst  t^Tosine  occurs  normally  in 
DO  single  organ,  leucine  is  a  constant  constituent^  though  iu  different 
and  fluctuating  proportiotia^  of  the  pancreas,  the  spleen,  the  lymphatic 
gltods.  the  salivary  glands,  the  thyroid,  thymus  and  liver*.  Leucine 
WM  neither  found  in  the  muscles,  lungs  and  brain,  nor  in  blood, 
saliva,  bile,  and  urine.  The  presence  of  leucine  in  the  kidney  and 
te^icle  was  considered  doubtful.  Treskin*  in  a  restiarelj  made  under 
Hoppe-Seyler's  direction,  subsequently  discovered  leucine  in  the 
testicle,  and  Cloetta*  discovered  it  to  be  a  normal  constituent  of 
lung  tissue. 

Leucine,  according  to  v.  Gorup-Besanez,  has  been  found  in  the 
alimentary  canal  of  tlie  pupae  of  Sphirur  pinasin  aud  Gosans  lifpii- 
pcnla:  iu  arthropoda :  in  Antocus  fiuviatitis ;  iu  spiders,  caterpillars 
*iid  butterflies,  and  indeed  is  a  iretjuent  constituent  of  invertebrata*. 
It  was  found  by  Professor  Zoller  of  Vienna  (together  with  tyrosine) 
lu  the  contents  of  two  fossil  eggs  discovered  in  the  guano  of  the 
Islaud  of  Chincha  (Peni)". 

Leucine  has  been  found  by  Gorup-Bcsanez  in  seedling  vetch 
plaDt6^  together  with  asparagine  :  by  Schulze  aud  Borbieri*,  together 
*ith  asparagine  and  tyrosine,  in  seedling  pumpkins. 

In  pathnlogical  conditions,  leucine  has  been  found  together  with 
tyrosioe.  in  large  quantities,  in  the  blood,  liver  and  urine  of  cases  of 
acute  yellow  atrophy* :   in  the  liver  and  urine  in  cases  of  phosphorus 

'  3.  Rodxiejcwskr,  *  Das  Vorkommeu  von  Leucin  and  Tyroain  in  normalen  KOrper ' 
'•Uidem  chi-tuischen  Laboratorinm  des  pathologischeo  Instituts  zu  Berlin).  Virchow't 
^rrkir,  Vol.  xxivi.  U^titi).  p.  1— l-l. 

'  Tbe  reader  may  consult  a  paper  by  Rud,  Virchow,  '  Ueber  der  Leucia  and 
T^Min  AbficheidungeD  an  der  Leber.'     Virchoic'a  Arckiv,  Vol.  vm.  (185o),  p.  355. 

■Traskin,  * Becitaudtheile  der  Toetikel.'  Pjliiger't  Anhii\  Vol.  t.  (1872),  p. 
l»i-130. 

*  Ctoetta.  Annalen  d.  Chem.  u.  Phnrm.     Vol.  xcix.,  p.  289. 

'  T.  Oomp-BeBaneR.  Lehrbuch  d.  phyn.  Chem.,  4th  ed.  (IS^^).  P*  225. 

*  ZuUer,  •  Ueber  die  ZuKammen<ietzunK  foBsiler  Eier  und  verschiedener  im  Gnano 
Rffuodener  Concretioneu.  Anzeiijcr  *lrr  k.  Akad.  in  Wien,  1874,  no.  ly.  The  author 
««  not  Men  this  paper,  of  which  a  lengthy  abstract  appeared  in  Maly'a  Jahreibericht, 
^oi  It.,  p.  334—387. 

*  Gornp-BMtanez,  Fler.  d.  dfutsch.  chem.  GetelUc}iaft,  Vol.  tii.  (1874),  p.  146  and  5G9. 
■  '  Z.  Schalzo  nod  J.  Barbicri,  'Lencin  aas  EUrbiskeimliDgen.*  Ber,  d.  d,  ehem, 
!•»«.  a,  1233. 

'  Frerich'fl  Deut$ch€  KUnik,  1855,  no.  31,  '  Klinik  der  Leberkrankheiteii/  1858. 
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poisoaing^:  in  the  liver  and  urine  of  cases  of  cirrhosis:  moH 
abundantly  than  in  the  normal  couditjon,  in  the  liver  of  ciwes  ofl 
t^^hiis  and  variola.  It  has  been  fouad  in  the  blood  of  leukaetoi^ 
patients:  in  the  alvine  dejecta  of  cholera:  in  pus:  in  the  sputum 
of  cases  of  pulmonary  gangrene  ;  in  certain  dropsical  transudatiou*^ 
in  atheromatous  deposits.  ■ 

Modes       of  1-     ^y  ^^fl  action  vf  tri/psin  on  proieids.     A  largiT 

praparaUon  of  quantity  of  well-boiled  fibrin  is  digested  with  a  salicylic 
leucine  and  lu  and  thymolised  solution  of  Kiihne  s  dried  pancreas  (sw 
tro^™iiie,  p.  222),  exactly  as  described  for  the  preparation  of 
antipeptone.  The  liquid  product  of  digestion  is  filteradl 
so  as  to  free  it  from  undissolved  fibrin  and  from  accidental  impa^ 
rities ;  it  is  feebly  acidulated,  by  means  of  dilute  acetic  acid,  and 
boiled.  Having  filtered  otf  tlio  precipitate  which  forms,  the  filtrate 
is  concentrated  until  it  is  nearly  of  syrupy  consistence  and  set  aside 
to  cool.  Al"ter  24  hours  a  considerable  quantity  of  leucine  and 
tyrosine  will  have  cryst'd Used  out.  The  mother  liquor  is  separated 
from  the  crystals  and,  if  necessary,  further  c-incentrated.  The 
brown  syrupy  liquid  is  then  treated  with  absolute  alcohol  until  a 
precipitate  of  antipeptone  commences  to  fall.  The  alcoholic  solution 
18  then  heated,  so  as  to  dissolve  the  precipitated  peptone,  and  set 
aside  to  cool  and  crystallise.  The  mother  liquor  is  again  poured  off 
and  the  crystalline  crusts  which  have  separated  may  be  advantage- 
ously washed  with  saturated  solution  of  ammonium  sulphate'.  The 
mixed  leucine  and  tyrosine  resulting  from  thef^e  oj>eration8  must 
then  be  separated  and  purified. 

Tlie  simplest  method  adopted  for  the  separation  of  leucine  froDJ 
tyrosine  rests  upon  the  fact  tbat  leucine  is  very  much  more  soluble 
both   in  water  and  spints  of  wine   than    tyrosine.     By  boiling  the 
yellow  crystalline  masses  or  crusts,  composed  of  impure  leucine  and 
tyrosine,  with  alcuhol,  the*  former  is  dissolved  and  the  latter,  in  greftt    j 
part,  left.     From  ita  alcoholic  solution,  after  suitable  coucentratioa.  ] 
leucine  will  crystallise  out,  and  may  be  purified  by  repeated  cryst^^* 
lisation    from    alcohol.      From   the    insoluble    residue,    tyrosine    ^* 
obtained  by  dissolving  in  a  weak  solution  of  ammonia.     The  solutio"^ 
is  allowed  to  evaporate  at  ordinary  temperature,  when  tyrosine  sep*** 
rates  in  the  crystalline  form. 

The  method  of  purification  of  leucine  originally  devised  ^^ 
Hlasiwetzand  Habermann,and  to  be  described  in  the  sequel  (p.  23*^^ 
may  be  employed  ibr  the  separation  of  leucine  from  the  other  pr*^ 
ducts  of  digestion  by  trypsin. 

2.  From  glandular  organs.  The  organ  is  reduced  to  a  pulp  ^ 
a  mincing  or  sausage  machine,  and,  if  necessary,  is  mixed  with  poM^ 
dered  glass  and  further  rubbed  down  in  a  mortar.     It  is  digested 

*  Botnitsobcwsky,  *  Uober  Phodphon'ergiftung '  (auH  dem  phyaiologiMh-chemuch^^ 
Institute  in  Strassburg).    Heittchrift  /ilr  phutiologitche  Chemity  Vol.  in.  (1879),  p.  30i^ 

*  Kiihne  and  ChiCtendeD,  '  Ueber  die  Peptone,'  ZeiUchrift  f.  Biologit,  Vol.  xx^ 
(1836),  p.  43&, 
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fith  cold  water  with  frequent  stirring,  and  the  solution  i»  separated 
bm  insijluble  matter  by  filtering  through  calico.  The  insoluble 
(Utters  are  again  treated  with  cold  water.  The  collected  turbid 
dilutions,  if  dbtiuctly  acid,  are  at  once  boiled  :  if  not,  they  are  first 
feebly  acidified,  by  means  of  acetic  acid,  and  then  boiled.  After 
leporation  of  any  proteid  which  has  been  precipitated,  solution  of 
tcetate  of  lead  is  added  and  the  liquid  again  filtered.  A  stream 
)f  stilpburetted  hydrogen  is  passed  through  the  filtnite,  so  as  to 
)recipitat«  the  excess  of  lead.  After  again  filtering,  to  get  rid  of 
he  lead  sulphide,  the  filtrate  is  concentrated  to  a  synipy  consistence 
lod  then  set  aside  to  crystallise.  Any  leucine  which  separates  may 
« then  purified  by  the  processes  referred  to  in  page  2'3(>. 

3.  Bif  the  action  of  boiling  mtlphuric  add  and  other  agents. 
b  has  already  been  stated  that,  by  the  action  of  various  i-eagents 
pon  the  albuminous  and  albuminoid  bodies,  the  complex  molecule 
split  up  and  a  large  number  of  products  are  obtained,  some  of 
bich  may  be  considered  as  due  to  the  primary  decomposition,  others 
\  the  result  of  a  secondary  action  of  the  decomposing  agent  upon 
le  bodies  first  formed.  Amongst  the  principal  methods  which  have 
een  employed  with  success  to  effect  tlie  decompoiiition  of  the 
roteid  molecule,  and  of  which  the  products  have  been  carefully 
udied,  are  the  following : 

1.  Heating  the  substance  under  investigation  with  sokitiou  of 
^um  hydrate  under  pressure,  at  temperatures  which  have  in 
ifferent  researches  varied  between  100°  C.  and  200'  C.  This  method 
w  been  largely  employed  by  Schlitzenbei*ger  and  by  Oautier,  by 
chaltze  in  association  with  Barbiuri  and  Bosshard,  and  has  led  to 
«ults  which  have  afforded  a  considerable  amount  of  information 
1  to  the  probable  structure  of  the  proteid  molecule. 

2.  Boiling  the  substance  for  many  hours  with  stannous  chloride 
id  hydrochloric  acid,  an  inverted  condenser  being  employed  and 
Tangements  sometimes  made  for  excluding  atmospheric  oxygen. 
Ilasiwetz  and  Habe^mann^  E.  DrecbselM 

3.  Heating  the  substance  with  bromine  water  in  sealed  bottles. 
Hasiwetz  and  Habennann*.) 

4.  By  the  action  of  dilute  hydriodic  acid  on  coagulated  serum 
bumin.     (E.  Drechee!*.) 

0.  Boiling  or  fusing  the  albuminous  substances  with  caustic 
Ik&lies. 

'  Hlmwwetz  and  J.  Haberniaau,  *  Ueber  die  ProteinatoHe,'  ^n«-  d,  Cltem.  u. 
harm^.  ToK  clxix.  p.  150. 

'  E.  Drechs«tf  *  Zixr  KenntniRs  der  SpaltnnRsproduote  des  Casein?.'  Du  Bois 
^mood's  Aivhiv,  1891,  p.  354.  See  also  the  various  papers  hy  Ureehsel  and  lus 
apili,  under  the  heading  Lysine  and  LTsatinine. 

^  HlasiwctK  and  Haberraann.  'Cobei  die  Proteinstoffe,"  Annaleu  der  CheiHu, 
ol.  CLix.  p.  304  ft  ieq. 

*  E.  Dreehsel,  *  Leber  die  Eimt-irkung  von  rerdUnnten  Saur«n  aut  Albmnin. 
^^i0't  Fnt^abtf  p.  SB. 
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6.  Long-continued  boiling  with  dilute  sulphuric  acid;  various 
obftervers  employed  acid  of  different  concentration  (though  the  pro- 
portion of  1  of  acid  to  3  of  water  has  been  most  common),  ibc 
duration  of  boiling  usually  varying  between  24  and  36  hours. 

By  any  of  thene  methods  of  decomposition  leucine  may  be  obtained 
from  any  of  the  albuminous  or  albuminoid  bodies,  mixed  with  a  large 
number  of  other  bodies,  which  are  to  be  looked  upon  as  either 
primary  or  secondary  products  of  the  decomposition  of  the  proteid 
molecule.  Whilst  the  first  four  methods  have  been  employed  with 
the  grwitest  success  for  the  purposes  of  investigation,  the  fourth  and 
especially  the  fifth  have  been  had  recourse  to  when  the  object  hw 
been  merely  the  preparation  of  leucine  and  tyrosine,  for  these  two 
bodies  are,  with  few  exceptions,  obtained  together,  and  have  to  be 
separated  one  from  the  other. 

As  a  raw  material  for  preparing  leucine  the  following,  amoD^ 
other  substAuces,  have  been  chiefly  employed  :  meat,  cheese,  fibrin, 
liorn,  wool,  feathers,  yellow  elastic  tissue.  The  following  are  the 
details  of  the  method  for  obtaining  both  leucine  and  tyrosine  from 
horn-shavings : — 


liifiF 


1000  grammes  of  hom-shaTings  are  boiled  for  24  hours  with  a  mi 
containing  3500  c.c.  of  concentrated  sulphuric  acid  and  6*5  litres  of  wat«r, 
the  evaporated  water  being  replaced  from  time  to  time. 

Thin  milk  of  lime,  of  uniform  consistency,  is  then  gradually  added  to 
the  acid  liquid  until  on  alkAlLne  reaction  w  obtained,  tho  liquid  being  coa- 
tinunlly  stirred.  The  mixture,  which  ueeessftrily  contains  a  large  quAOtitj 
of  pr«H.Mpitat«d  calcium  sulphate,  is  filtered  through  a  jelly-bag;  thereaidaBi 
after  squeeting,  is  boiled  with  \»*ater  and  again  filtereti  The  mixed  filtntaa 
are  slightly  acidulated  with  oxalic  acid,  which  precipitates  the  culciaai 
ori^ually  present  in  solution  as  calcium  oxalate.  The  liquid  being  filt«redt 
tho  filtrate  is  conc«'utrated  until  a  crystalline  }telliole  ai^sears,  when  it  isse^ 
aside  to  cool  sud  to  crystallise. 

The  united  masses  of  crystals  are  dissdved  in  boiling  water;  aome 
solution  of  anunonia  is  addetl.  and  then,  with  continoal  stirring,  a  sola- 
tkm  of  I«m1  acetate,  until  the  prectpitele  which  forms  is  no  longei" 
brownish  but  white.  The  liquid  is  then  filtered  and  the  hot  filtrate  i» 
addttlatod  with  dilute  sulphuric  add,  the  precipitate  of  lead  .sulpbAta 
wiiiek  ftraas  k  aa|ianUc<i  by  filtntaoo  and  the  filtrate  allowed  to  cool* 
w1m»  tfntiut  SMMffalea  ahmt  CQaapfelalj  "d  in  a  pore  condition. 

IV  uoUmt  bqnor  fima  i^Uh  Om  tjtvmat  has  been  filuved  is  then 
treatv^  with  snlphuMtod  kydtiQgM  so  as  to  get  rid  of  the  lead  which  it 
c\v\Uiws  u>d»  Kannc  been  a^sin  filtsrcd  and  th«  excess  of  H^  expelled 
by  beat,  is  concenmled  and  boakd  for  a  ooople  of  minnCes  with  freshly 
pnr\-iiutated  cttjwic  hydratct.  A  dark  bine  solntMn  is  obtained  br  this 
pnxvssi;  t^  is  filtaird  and  concianUnled,  viMn  it  dc|Msata  sky-Uo® 
wnr«r  hmmsm  of  erj9^^  as  wdl  an  n  |WSfifitshii  baring  the  compositico 
Or(C,UmNH«0|>^  Bolk  tW  ftfOfimm  n^  Uw  ccTnteUae  nmnes  sre 
dwMikf—<  V  wtmam  rf  anhtowrtii  Mw»^  <fce  Oteate  faw  the  wiir 
|jy*»  <f  ^Qtysr  lbn»»d  !<>  a^wd  H  d>rs>onf  bij  hf  .wns  qf 
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Qaintlties  of 
iMcizu  oMaln- 
tlfromrarlous 


udde,  the  leucine  cryBUlliBes  out.     By  dissolving  the  crystals  in  spirits  of 
Tine  aod  recryatallisiug  tlie  Bul>8tance  is  still  further  puritied'. 

According  to  ZoUikofer*  the  liganientuin  nuchae  of  the  ox  most 
readily  furnishes  leucine.  One  part  by  weight  of  the  tissue  is  boiled 
Jbr  three  hours  with  a  mixture  of  2  parts  of  sulphuric  acid  and  3 
pwts  of  water.  No  increased  yield  of  leucine  is  obtained  if  the 
boding  be  further  prolonged.  The  product  may  be  treated  exactly 
M  described  in  the  first  process. 

Tlie  yields  of  leucine  when  various  bodies  were 
treated  by  the  sulphuric  acid  method  were  as  follows 
(Erlenmeyer  and  Schoffer*): — Lig.  nuchae  35 — 457, 
of  its  weight;  blood-fibrin  14 "/n^  muscle  18 "/pi  albu- 

Kmiu  lO^-'o:  horn  10 "/o-  Nencki*  by  the  same  process 
^'  obUined  from  gelatin  1-5—2  V.. 
Constitution  and  Sj/tithesis  of  Leucine. 
ucine  is  an  amido-caproic  acid.  Tliere  are  theoretically  eight 
poesible  caproic  acids  (C,H„0,),  of  which  seven  have  already  been 
prepared,  and  corresponding  to  these  eight  acids,  thirty-one  possible 
isomeric  amido-caproic  acius  or  leucines.  For  reasons  which  space 
will  not  permit  us  to  discuss,  the  leucine  which  is  obtained  by  the 
decomposition  of  the  albuminous  or  albuiuiuoid  bodies  can  only  be 
a  derivative  of  one  or  other,  or  of  both,  of  two  of  the  isomeric  caproic 
•dds:  to  wit  normal  caproic  acid  or  isobutylacetic  acid.  Furtlier, 
we  are  acquainted  with  facts  which  prove  that  in  either  case  the  NH, 
group  must  occupy  the  a-position.  Briefly,  the  constitution  of,  what 
we  may  term,  the  physiological  normal  leucine  must  be  represented 
le  or  other  of  the  two  appended  formulae. 

L  IL 

CH,  CH,  CH, 

I  \-^ 

CH. 

H. 
CH. 
(a)   CH-NH, 
COOH 

a-Amido- normal  caproic  acid. 

'  The  description  of   this  process  ia  taken  verbntim  from  DrecbserB  '  Anleicnng 
nr  DArBttdlung  pliyeiologUcli-chemiscber  Priipamte,  <fec.'     The  method  of  sepnratiug 
w<l  pttrifyinj^  Icticine  from  tyrosine  given  is  that  employed  by  Ulasiwetz  and  Habor- 
{'U'ebtT  die  Protwinstoffe,'  Ann,  d.  Chem.  und  Phann.,  Vol.  clxix.  p.  150). 
Likofer.  '  Beitmge  zur  Konntniss  d.  elaBtiach.  Gewebea.'     Annal.  d.  Chem.  v. 
Vol.  Lxxxu.  (1S52),  p.  162—180. 
rlenmever  and  SchoflFer,  quoted  by  Malv,  op.  cit.  p.  209. 
rencki.  joum.  /.  prakt.  Chiwie,  N.  F.  Vol.  xv.  pii.  390—398. 


a-Amido-isobutylaoctic  acid. 
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It  was  until  lately  surmised,  mainly  in  consequence  of  the 
researches  of  Hiifner*,  that  the  first  of  the  two  formulae  represented 
the  constitution  of  the  leucine  of  the  animal  body. 

Schulze^  having  proved  that  the  leucine  which  is  obtained  by 
the  decomposition  of  vegetable  proteids  has  the  constitution  of 
amido-isobutylacetic  acid,  Hiifner  has  lately  caused  a  most  elaborate 
investigation  to  be  made  in  his  laboratory  by  Dr  Bemhard  Gmelin', 
who  has  conclusivel}'  shewn  that  leucine  of  animal  origin  possesses 
the  same  constitution  as  that  derived  from  vegetable  proteids,  and 
that  the  variations  which  leucine  presents  in  physical  characters— 
as,  for  example,  in  solubility  and  in  its  power  of  rotating  the  pl&ne 
of  polarization — according  to  the  conditions  under  which  it  is  formed, 
are  explicable  on  the  theory  of  physical  isomerism,  the  chemical 
constitution  being  the  same. 

syntbetiB  of  In  a  large  fiask,  furnished  with  an  inverted  con- 

iSfn'^^  denser,  125  grms.  of  potassium  bichromate  are  heated 
and  HON  on  ^^^^  ^  mixture  of  163  grms.  of  concentrated  sulphuric 
vaieraidebyde  acid  and  1250  c.c.  of  water  to  a  temperature  of  90^ 
ammonu  Through  a  stoppered  funnel  100  grms.  of  amyl  alcohol 

(Limpricht).  gj.^  ^i^Qu  allowed  to  flow  in  gradually.  In  this  reaction 
valeric  aldehyde  (C^H» .  COH)  is  formed.  This  body  is  now  sepa- 
rated by  distillation ;  the  distillate  is  first  of  all  shaken  with  a  dilute 
solution  of  sodium  hydrate,  which  is  then  got  rid  of  by  means  of  a 
separating  funnel,  and  the  impure  vaieraidebyde  is  shaken  with  a 
concentrated  solution  of  acid  sodium  sulphite  (sodium  bisulphite, 
NaHSOj).     Crystals  of  valeraldehyde-sodium  sulphite  separate : 

O  OH 

C,H«C       +  NaHSO,=  C,H,CH 

^H  ^  ^NaSO,. 

Vaieraidebyde  Sodinm  Valeraldehyde-sodium 

Bisnlphite  Sulphite. 

The  crystals  are  filtered,  pressed  between  filtering  paper,  ^ 
distilled  with  solution  of  sodium  hydrate,  when  vaieraidebyde  is  * 
free  and  distils  over.  The  distillate  is  treated  with  concentra<^ 
ammonia  and  thoroughly  shaken,  when  valeraldehyde-ammo* 
separates  out  in  the  crystalline  form. 


1  Hiifner,  Journal  far  pr.  Chemie  (2),  1,  6 ;  ZeiUckrift  /.  Chem.,  Ser.  2,  Vol. 
(1868),  p.  391  and  616. 

^  Scbulze  a.  Likiemik,  'Ueber  die  CTonstitution  dee  Leucins.*     Ber.  d.  d, 
GesetUch.,  Bd.  xxiv.  (1891).  4,  669. 

3  Bemhard  Gmelin,  'Beitrage  zur  EenntnisB  des  Leucins'  (Inaugural-Dissertatic 
Tubingen,  1892). 
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OH 


U 

C,H,C     4-NH,  =  aH»CH'' 
\  \ 

H  NR 


Valeraldehyde 


Valeraldchyde- ammonia. 


This  compound  is  now  collected  on  a  filter,  washed  with  water  aud 
th«i  boiled  with  a  mixture  of  stroug  HON  aud  dilute  HCI,  in  a  flask 
provided  with  an  inverted  condenser,  until  the  crystals  are  com- 
[ilettly  dissolved.  (Two  parts  of  valcraldehyde-ammouia  are  boiled 
with  1  f»art  of  HCN  and  an  excess  of  dilute  HCL)  It  appears  that 
itt  the  first  instance  a  body  having  the  formula  CjgH^N^  is  formed. 
This  body  however  splits  up  according  to  the  following  equation  :— 

C,,H„N.  +  6H,0  =  3  (C.H„NO.)  -f  2NH^ 

Leucioe 

The  contents  of  the  flask  are  now  concentrated  on  the  water  bath 
tD  a  draught  chamber,  due  precautions  being  taken  now  (as  well 
»  in  the  previous  operation)  against  the  possible  inhalation  of  the 
Puis<moiis  vapimr  of  hydrocyanic  acid  which  is  evolved  abundantly. 
When  the  liquid  has  cooled,  ammonia  is  added,  when  part  of  the 
leucine  separates  out  and  is  collected  on  a  filter.  The  mother  liquor 
is  evaporated  to  dryness,  the  residue  extracted  with  dilute  hydro- 
chloric acid,  and  the  solution  having  been  concentrated  on  the  water 
hath  is  again  treated  with  ammonia*. 


Physical  and  Chemical  Properties  of  Leucine, 

cryauiiine  Pure    leucine   presents   a   snow-white    appearance 

'bns and  molt-    and   occurs  in  the  form  of  colourless  and  light  crj's- 
^Jttpotoi.  talliue  doubly  refracting  plates,  possessed  of  a  greasy 

^€:el  and  which  float  on  water  without  being  wetted. 

When  heated  to  170"  C,  leucine  melts  aud  then  gives  off  fumes 
^hich  coudense  in  the  cooler  part  of  the  tube  forming  an  ex- 
ceedingly light  sublimate,  which  has  been  compared  to  the  so-called 
*  Philosophers  wool/  i.e.  sublimed  zinc  oxide. 

When  the  sublimed  leucine  is  examined  microscopically  it 
presents  the  appearance  of  thin  plates  grouped  into  rosette-shaped 
Qufftee;  the  plates  when  seen  edgeways  appear  to  the  observer  as 
oeedles. 

When  leucine  separates  from  solutions  which  contain  other  sub- 
HtAtices  it  usually  forms  crusts  which  under  the  microscope  are  seen 


'  P&ikinsou.  Ann.  Ch, 


Phartn.,  Vol.   zc.  p.  144,    Limpricht,  Ibid.  Vol.  xciv. 
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to  be  composed  of  balls  and  nodrilar  masses.    These  balls  of  lent 
arc  fairly  tranapureut  aud  sometimes  present  a.  nuliated  structure. 


Flo.    15.       LeCCKE    IX    THE    FoRW    WHICH    IT    tSDAXLT   ASfiUUEfl    WHEN    flEI*AB*TED 

THE  Pbodccts  of  Digbstiok  BT  TBTPaDJ. 


DesBlty. 


Although   crystals  of  leucine  float   on  water 
body  is  really  of  higher  specific  gravity  than  watt 
According  to  Engel  and  Vilmain,  the  specific  gravity  of  leucine  ftt 
18*  a  is  1-293. 


SolubUity. 


Leucine,  as  has  already  been  sUited,  presents  coo- 
siderable  variations  in  certain  of  it?*  physical  propertiM 
according  to  its  origin  and  perhaps  to  the  mode  of  prepai^ation 
employeii.  These  differences  are  explicable  on  the  hypothesis  of  the 
existence  of  several  leucines  passessing  the  winie  chemical  constitution* 
but  which  arc,  however,  'physically  isomeric'  Thus  Zollikofer* 
found  that  1  part  of  leucine  obtained  from  li^.  unchae  is  soluble  in 
27  parts  of  cold  water.  B.  Gmeliu*  found  that  1  part  of  leucine 
prepared  from  casein  is  soluble  in  29  parts  of  water  at  the  temper*- 
tare  of  10  C,  and  in  143  parts  of  boiling  water,  whilst  1  part  o* 
leucine  prepared  from  haemoglobin  requires  45'8  parts  of  water  tX 
19°  C.  to  dissolve  it,  and  1S*7  parts  of  boiling  water. 

Leucine  obtained  by  the  synthetic  process  described  at  page  238 
requires  117  parts  of  water  at  the  temperature  of  12"  C.  to  dissolve 
it'.  Leucines  of  approximately  the  same  sparing  solubility  resnU 
from  the  decomposition  of  various  proteids  by  SchiitzenbergefS 
method*. 


*  ZoUQcofer.  *BeitrSgo  zur  Kenntnifis  d.  eUfitisob.  Oen'obcs. 
Pharm.,  Vol.  Lxxxii.  (1852),  p.  163—180. 

*  B.  Gmelin,  op.  rit.  p.  80. 

»  Hiifner,  Joitrn,/.  prakt.  Chrmie  (fi),  1,  6. 

*  Refer  to  the  metnoint  of  Schulze  referred  to  at  page  241. 


Ann.  d.   Chew,  f* 
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Leucine  is,  wbeu  pure^  soluble  in  approumately  1040  parts  of 
•fcBolute  (98  per  cent.)  alcohol  at  ordinary  temperatures,  and  800 
pwts  of  boiling  alcohol  of  the  same  strength  (Zollikofer,  B.  Gmeliu). 
I^uciae  is  insoluble  in  ether.  It  is  dissolved  by  alkalies  and  acids. 
Impure  leucine  is,  however,  much  more  soluble  both  in  water  and 
**tt)hol  than  the  pure  substauce. 

Leucine  which  is  the  product  of  the  action  of 
trypsin  nn  albuminous  and  albuminoid  bodies,  or  which 
^  obtained  by  decomposiug  the  proteids  by  means  of  acids,  Ls  dex- 
*^yrou3.  Its  specific  rotatory  power  (a)  D  =  +  17'3  (Schulze 
*^d  Bosshard').  In  a  remarkable  investigation,  Professor  Schulze, 
'^ith  whom  were  aK8<x;iated  E.  Bosshard  and  (in  a  great  part  of  the 
^ork)  J.  Barbieri* ',  discovered,  in  the  first  place,  that  leucine  which 
i»  obtained  by  the  action  of  barium  hydrate  on  the  proteids  at 
high  temperatures  (150" — 160'  C)  is  inactive.  They  next  proved 
that  when  normal,  optically  active  leucine  is  heated  with  barium 
hydrate  to  150' — IGO"  it  acquires  the  properties  of  the  body  obtained 
by  the  action  of  the  same  reagent  acting  on  the  proteids  at  the  same 
temperature.  The  optically  inactive  leucine  was  found  to  be  less 
soluble  in  water  than  normal  leucine,  requiring  about  100  parts  of 
*^ater  at  ordinary  temperattires  fur  solution. 

The  next  remarkable  discovery  consisted  in  proving  that  when 
Pmiciliium  glaucum  h  sovtn  in  a  suitable  sterilised  culture  fluid  to 
which  optically  inactive  leucine  has  been  ad<led,  and  the  organism 
allowed  to  develope  for  some  weeks,  an  optically  active  leucine  is 
at  last  found  in  solution,  but  this  differs  from  the  normal  leucine  in 
being  lasvogj'rotis.  Whilst  for  normal  leucine  (a)  D  =  +  17"3,  for  leu- 
cbe  formed  under  the  action  of  PenicUlium  glaucitm  (a)  D  =  —  17'5. 

Reasoning  by  analogy,  we  should  assume  that  under  the  influence 

of  a  high  teinperature  two  physically  isomeric  leucines  are  formed,  one 

of  which  (the  normal)  is  dextrogyrous,  and  the  other  Iffivogyrous; 

further,  that  the  mould  which  effected  the  wonderful  transformation 

Consumed  one  of  the  isomers,  viz.  the  dextrogyrous  leucine,  leaving  its 

lavogyrous  fellow  untouched.     In   accordance   with    these    probable 

*ttumptions,  Schulze  and  Bosshard  found  that  the  amount  of  Iwvo- 

gyrous   leucine  rec4)vered  aTiinuntcci    apjiRJxiaiaiely  to  oue-hatf  the 

Weight  of  the  inactive  leucine  which  hud  been  aeted   upon   by  the 

^enicilliura,  and,  further,  that  after  the  process  had  been  approxi- 

timtely  completed,  so  that  but  very  little  inactive  leucine  couhl  bo 

pwsent  in  the  solution,  freshly  introduced  Penicillium  developed  very 

scantily. 

It  will  be  seen  in  the  sequel  that  other  amido-acids  possess,  like 

*  E.  Schulze  (tintor  Bcthoiligung  von  J.  Barbieri  xinA  E.  Boashard  ftU8g«falirtJ, 
'^utenuchongen  Qber  die  Amidosaaren,  welche  bei  der  Zersetzung  der  Eiweissstoffe 
^awh  Stlxssare  entatehen,'  Zriitchrift  f.  yhysiol.  Chrm.,  Vol.  w.  (IBflo),  pp.  63 — 144. 

'  Sehulse  and  K.  Bosahard.  '  UntenuuhuDfjon  uber  di«  Amidoiauren,  &c.* 
2eitKkri/t f.  pky*.  Chem.,  Vol.  i.  (ISBB).  pp.  184—145. 

a  \^ 
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leucine,  dextro-  and  loBvo-gyrous  isomers,  which  are  produced  unda 
the  influence  of  high  Uiiuperatiirea,  and  that  the  action  of  Pentcillu 
ghxucuvi  is  the  same  in  all  these  cases. 

Leucine  forms  crystalline  compounds  with  sulphiuic, 
hydrochloric  and  nitric  acids.  The  hydrochloric  Kid 
compound  is  represented  by  the  formula 

C.H„N0,.HC1. 


CompoundB 
or  leucine  with 
otlier  bodies. 


Leucine  forms  two  crystalline  compounds  with  cupric  oxide 

L    The  compound,  already  referred  to,  which  is  formed  when  solu 
tious  of  leucine  are  boiled  with  freshly  precipitated  cupric  hydmte, 
se]>arates  in  the  form  of  sparingly  soluble  light  blue  rhombic  ubt^ 
and  has  a  composition  represented  by  the  formula  Cu(CgHuNO, 

2.     When  to  a  boiling  solution  of  leucine  there  is  added  a  boi 
solution  of  cupric  acetate,  there  separate  deep  blue  shining  cryi 
containing  between  25'25,  and  2G91  per  cent,  of  CuO,  a  percentage 
which  agrees  best  with  the  empirical  formula 

7C.H,^0,  +  4CuO.' 


abitt,  , 

S3 


ReacUoui 
whlcli  serre  to 
identllt      loii- 


1.  It  has  already  been  said  that  when  leucine  is 
lieated  to  170"  C.  it  melts  and  volatilises  unchauged. 
If  further  heated  it  yields  amylamine  and  CO, 
odour  of  the  farmer  being  distinctly  recognizable. 

C.H„(NH,)0.— q.H..(XH^  +  CO^ 

Leufiind.  AmjUmine. 

The  cr}'stalline  structure  of  leucine  aids  greatly  in  its  reeog- 
oitioD.     It  will  be  remeniberetl  that  when  separating  from  extracts 
of  animal  organs  it  presents  the  appearance  of  nodules  and  sphere  i 
that  after  being  sublimed  it  occurs  in  the  form  of  plates  arranged 
rosettea  (p.  239). 

3.  W^en  leucine  is  treated  with  nitric  acid  and  is  $1 
evaporated  on  a  slip  of  platinum  foil  it  yields  an  almost  colou 
residue;  when  one  or  two  drops  of  solution  of  sodium  hydmte  9Xt 
added  to  the  r«sidue  and  a  little  heat  is  applied  an  oily  globule  is 
formed  which  rolls  upon  the  foil  without  wetting  it  (Scherer't 
re«ctioDX 

4.  Some  of  the  substance  may  be  dissolved  in  boiling  water  and 
treated  with  boiling  solution  of  cupric  acetate,  when  the  crystalline 
copper  ci>m|K>uud,  already  described,  will  form.  ^ 


1 


^  rr.  BofaMbMr 

'  U.  KiithMuea  uaA  A 

^907. 


Zar  KnakaiM  te 


KtviolM.  *P»WrIjm4M» 


Aau<k«Aana.*  UaKt's  J^krtwbenckf,  Vol  tU- 
/.  prmkt.  Chtmu,  1371. 
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*«°J^     of  1.     By  heating  leucine  obtjiined  from  proteids  with 

on  leucine.      '    Hufiier  found  that  there  were  obtained  caproic  acid, 
iodide   of  ammoaium   and    iodine,  according   to   the 
Moving  equation : 

C„H,,{NH,) .  CO(OH)  +  SHI  =  C.H„ .  CO(OH)  +  NHJ  + 1.. 


Leucine. 


Caproic  acid. 


\%    When  leucine  is  dissolved  in  nitric  acid  and  the  solution  is 
Ited  with  nitrous   acid,  it  exhibits   the  general   reaction  of  the 
lo-acids,  the  whole  of  its  nitrogen  being  resolved  in  the  gaseous 
form  and  leucic  (or  oxycaproic)  acid  being  formed, 

C^„(N  H,)0,  +  HNO.  -  C«H„(OH)0.  +  N,  +  H,0. 

Leucic  acid 

Lencic  acid  bears  to  leucine  the  same  relation  which  glycollic 
acid  bears  to  glycocine  and  lactic  acid  to  alanin. 


k 


The  relationship  is  shewn  below  : — 
Glycocine      GHstNHa).  COOH      Glycollic  acid  CH,(OH).  COOH. 


Alanin  aH/NH.).COOH 

C5H,o(NH,).COOH 


—Leucine 


Lactic  acid  aH/OH).COOH. 
Leucic  acid  C5H,,(0H).C00H. 


of 

Leucine. 


Of  all  the  theoretically  possible  leucines  having  the 
general  formula  CnH^^+jNO^,  the  dextrogyroua  leucine 
(i-amido-isobutylacetic  acid)  is,  as  already  stated,  the  one  formed  in 
the  processes  of  the  economy.    Allusion  has  been  matle  to  an  inactive 
'eocine  which  is  formed  under  the  influence  of  barium  hydrate  at 
■Ui  temperatures,  and  of  a  la'vogyrous  leucine  which  is  presumably 
P|Bciat-ed  with  an  exactly  equal  quantity  of  the  di'xLrogyrons  body, 
in  inactive  leucine.     These  leucint^s  all  have  Lhe  same  chemical  con- 
stitution as  the  normal  leucine,  being  physical  isomers  of  the  latter 
hody.     The    same    remark   applies,   almost   certainly,    to   a   leucine 
described  by  Nencki.     Tliis  observer'  separated,  from  decomposing 
pincreaa,  a  leucine  which  is  an  isomer  of  normal  leucine,  but  which 
differs  from  it  in  certain  itnportant  properties.     One  part  reqiiLres 
^"6  partJ9  of  water  at  Ho   C  to  dissolve  it;  its  solubility  is  there- 
fore about  half  that  uf  normal  leucine.     It  possesses  a  foebly  sweet 
tMlc,  aod  when  heated  to  210   sublimea  without  previmiH  mt'lting ; 
Wider  the  action  of  heat  it  gives  otf  tlie  odour  of  amylamine.     No 
details  are  given  as  to  the  optical  properties  of  this  leucine. 

^'lmeki,  'Zap  Eenntniss  der  Leucine,'  Joum.  j.  prakt.  Chem.,  N.  F.   Vol.  xv. 
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Amido-valerianic  acid,  CaHnNOt 
(aH,(NH,)0,  =  CH,(N  H,)  -  CH,  -  CH,  -  CH,  -  CO .  OH). 


Occorrenc*. 


This  amido-ac^id  was  found,  on  one  occasion,  in 
pancreas  of  the  ox  by  v.  Gonip-Besanez*.  who  aftensi 
assumed,    though     doubtless    incorrectly,    that    Nencki's    &parii 
soluble  leucine  ia  ansido-valeriauic  acid'.    The  two  bodies  have 
chemical  and   physical  properties   in  common,  e.^.  the  compound 
they  form,   their   volatility   and    the   sublimate  which   they  yield 
Amido-valerianic  acid  is,  however,  less  soluble  in  water  than  leucloe. 
and  is  optically  inactive. 

It  appears  probable  that  omithin  (Jaffi^*),  a  base  excreted  is 
combination  with  honzoic  acid  when  the  latter  is  administered  to 
hens,  is  a  diamido-valerianic  acid  (Jatfe,  Drechsel*),  This  fact 
renders  a  search  for  umido- valerianic  acid  in  the  producU  of 
pancreatic  digestion  both  interesting  and  de6i^able^ 


Tyrosine  (C,H„NO,)*. 
Paroxyphenyl-a-amidopropionic  acid 

=  C.HJ 


OH. 


Occurrence 
in  tbe  organ- 
iBm. 


(CH,.CH(NH,)COOH. 

Tyrosine  is  probably  never  a  constituent  of  the 
liealthy  living  tissues  or  organs  of  man  and  the  higher 
animals,  but  when  found  there  is  either  the  result  of 
putrefactive  decomposition  or  of  the  action  of  trypsin  on  proleiJ 
bodies,  or  it  is  the  result  of  morbid  processes. 

The  statement  that  tyrosine  is  probably  never  a  constituent  of 
the  healthy  organs  of  the  higher  animals  requires  some  explonatiofi 
Until  the  researches  of  Kiihne  and  his  pupil  Radziejewski'  bad 
proved  the  contrary,  it  was  believed  on  the  strength  of  the  analyse^ 
of  the  dead  pancreas  made  by  Scherer,  Gorup-Bcsauez  and  othtjrt', 

^  T.  Ot>mp-Be«aDex,  'Kin  dem  LeDclc  homologer  KSrper.  Beatandtheil  der  Bnuch- 
Bpeicheldriise.*  Ann.  d.  Chem.  u.  Pharm.*  Vol.  rcvni.  (1»56),  p.  15. 

^  V.  Oorup-Be^anez,  Lehrbuch  (/.  physiolo^,  ChtmiCi,  4le  Aufla^,  BrauaRoh'<>if< 
1878}  see  p.  *i2». 

*  Jaffe,  B^.  d.  deuuch.  chem.  GtaetUch,  Vol.  x.  p.  1925  and  u.  p.  406. 

*  Dreohflel,  HemiAnn's  Hnndburh,  Vol.  v.  r.  pp.  618,  519. 

*  Since  the  above  was  written  Dr  Max  Siegfried's  memoir.  *  XJeber  die  obemii 
EtgenBchaftcn  des  reticniirten  Oowebea '  {HabHitatiorwchrift,  Leipzig,  Deo.  II 
has  appeared.  He  has  found  that  when  adeuuid  tissue,  which  is  absolutely  una 
upon  by  trypsin,  is  subjected  to  the  action  of  stannous  chloride  and  hydrocitlorio-»w« 
it  yiRldfl  an  s  chief  product  of  decompoRition  amidn-ralerianic  acid,  besidea  ammooi*- 
lyttiue  luid  lysaiiuiuu,  but  neither  leucine  nor  tyrosine.  Thitt  discovery  emphasi>^ 
the  necessity  of  the  search  recommended  in  the  text  (Jan.  13,  18UH). 

*  The  name  Tj'roeine  is  derived  from  rvp6t,  cheese,  and  was  given  to  it  by  i^ 
discoverer,  Licbig,  who  first  obtained  it  by  fusing  cheese  with  caustic  potash. 

7  Kadziejcwshi,  *  Das  Vorkommcn  vou  Leucin  und  Tyrosin  im  normaleu  Ebrper,* 
Virchow's  Archiv,  Vol.  ixxvi.  {18lj6),  pp.  1 — 14. 
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that  ibis  organ  contaiuB  an  abundance  of  t3rrosine  as  one  of  its 
normal  proximate  principles.  Ever  since  tbese  researches  were  made 
the  error  has  from  time  to  time  been  repeated  and  it  cannot,  there- 
fore, be  too  emphatically  asserted  that  the  pancreas  during  life  con- 
taiQs  only  a  very  small  quantity  of  leucine  and  no  tyrosine*.  Both 
these  substances,  as  we  have  already  stated,  usually  occur  in  large 
qnantities  in  the  dead  pancreas,  because  of  the  rapid  auto-digestion 
of  the  organ,  a  process  which  commences  very  shortly  after  death. 
It  is  only  in  the  intestinal  canal  that  tymsine  is  a  normal  con- 
stituent ;  there  it  arises  as  one  of  the  products  of  the  action  of  trypsin 
CD  some  portion  of  the  hemipeptoue  which  is  the  result  of  gastric 
and  pancreatic  proteolysis. 

Tyrosine  occurs  as  a  regular  constituent  in  many  invertebrate 
aaimals,  especially  in  arthropoda.  It  was  found  by  Warren  de  La 
Rae  to  be  an  abundant  constituent  of  the  cochineal  insect  {Coccus 
OKti).    When  thus  found  it  is  always  associated  with  leucine. 

Tyrosine  has  been  found  (first  by  Frerichs),  together  with  leucine, 
in  considerable  quantities,  in  the  liver,  blood  and  urine  of  cases  of 
acute  yellow  atrophy  and  of  acute  phosphorna  poisoning.  In  smaller 
quantities,  in  cases  of  cirrhosis  of  the  liver,  and  in  the  liver  in  severe 
cases  of  typhoid  fever  and  of  small-pox.  It  has  been  found  in  puru- 
lent sputa  ,  in  the  enlarged  spleen  in  cases  of  leukemia',  and  has 
been  aescribed  as  n  constant  constituent  of  the  epidermal  scales  in 
pellagra*. 


of  Inasmuch  as  tyrosine  is,  with  few  exceptions,  asso- 

^'J^^"'  **^  ciated  in  its  nrigin  with  leucine,  its  modes  of  prepara- 
tion have  already  been  described,  as  well  as  the 
methods  which  may  be  employed  in  separating  it  from  leucine  (see 
pp.  234  and  236).  It  only  remains  therefore  to  note  certain 
exceptional  cases  in  which  by  the  decomposition  of  the  albuminous 
or  albuminoid  bodies,  tyrosine  is  not  obtained,  and  to  give  such 
information  as  to  the  yield  of  tyrosine  from  various  albuminous 
anJ  albuminoid  bodies  as  was  previously  given  in  reference  to 
leucine. 

In  general,  whatever  the  proteid  acted  upon  by  such  reagents  as 
*lilute  sulphuric  acid,  barium  hydrate  in  aqueous  solution  at  150** — 
160'  C.  (fee.,  the  products  obtained  are  the  same  in  kind;  nevertheless 
the  amount  of  each  product  yielded  by  ditferent  substances  may, 
^oAcris  paribus,  exhibit  wide  diflurences.  Whichever  the  albuminous 
or  albuminoid  body  acted  upon  (with  the  single  exception  of   the 

'  Kfihne.  'Erfafarangen  nod  BemerkoDgen  fiber  Enzyme  and  Fermente,*  Vnter- 
mt^ngen  out  dem  PhytiolcgUchen  Imtitnte  der  VnivertitHi  Heidelberg,  Vol.  i. 
P.S17. 

'  Fridreicll,  Virchotc't  Archiv,  Vol.  xxx.  p.  381. 

'  Sftlomon,  •  Zar  Lehre  von  dcr  Leukitemie,'  Archit^  f.  Arujt.  u.  Phyttnioffie,  1876, 
^  m.  Huber.  'Trroein  und  sein  Yorkommea  im  thierischcu  OrgauiHiJuus,'  Archiv 
/  Heiikunde,  Vol.  xmu.  (1877),  p.  -486. 

'  8«hiiitzer,  quoted  by  v.  Gorap-Beaanez,  Lehrbueh  d,  phyt.  Chem.  p.  337.  , 
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newly-separated  '  reticulin ')  we  find  leucine  amongst  the  products  of 
decomposition,  though  how  greatly  the  yield  of  leucine  may  vary  is 
stated  at  page  237.  Tyrosine  stands  in  this  respect  in  a  difftrem 
relation  to  leucine,  in  that  some  of  the  denvativea  of  albumia  do  not 
yield  it.  The  first  example  in  illustration  of  such  bodies  is  offered  by 
gelatin.  When  long  boiled  with  dilute  sulphuric  acid,  it  yields  large 
quantities  of  amido-acetic  acid,  or  glycocoU  (C^HsNO^^  CHi(NH,) 
COOH),  an  amido-acid  which  is  not,  in  general,  yielded  by  a  eimilar 
treatment  of  proteids,  or  their  derivatives  and  inter  alia,  it  yield* 
about  1*5  per  cent,  of  leucine  (Nencki).  From  gelatin,  however,  wc 
can  obtain  no  trace  of  lyrosine.  Under  the  influence  of  putrefactive 
bacteria  gelatin  again  yields  glycocoll  and  leucine  but  neither  tyro- 
sine nor  iudul.  Gelatiu,  it  may  be  noted  in  this  connection,  does  not. 
when  pure,  exhibit  Millon's  reaction.  This  reaction,  which  is  fiir- 
nished  by  all  the  albuminous  bodies  proper  and  by  nearly  all  their 
immi'diatf  allies  the  albuminoid  bodies,  which  are  capable  of 
yielding  tyrosine,  is  identical  with  Hoffmann's  tyrosine-reaction. 
It  has  already  been  stated  (p.  22S)  that  whilst  solutions  of  arapho- 
peptones  give,  in  a  characteristic  manner,  Millon's  reaction,  pure 
antipeptone  fails  to  do  so  ;  in  accordance  with  this  fact,  which  the) 
discovered,  Kiihno  and  Cliittenden  found  that  by  long  boiling  with 
dilute  sulphuric  acid,  antipeptone  yields  no  tyrosine. 

From  horn,  Stadeler  obtained  4  per  cent,  of  its 
weight  of  tyrosine.  Ellenmeyer  and  Schoffer  obtained 
from  ligavient.  nuchae  0*25  per  cent.:  from  horn  3*6  ptsr 
cent.:  from  blood-fibrin  2^0 percent:  from  egg-albumin 
1*0  per  cent. 

SchUtzenberger  by  the  action  of  barium  hydrate,  at  temperatures 
from  IGO'" — 200''  C.  for  a  period  of  from  4  to  6  days,  obtained 
from  blood-albumin  and  vegetable-fibrin  2  j>er  cent. :  from  blood- 
fibrin  3*8  percent.:  from  casein  4*1  per  cent,  of  tyrosine*. 

QuantltlMof  In  the  paper  in  which  Kiihne  first  announced  hi 

tyroiine  (m  discovery  of  the  profound  decomposition  which  the 
cine^  obtainM  proteid  molecule  undergoes  under  the  influence  of  the 
by  difutioa  of  proteolytic  enzyme  of  the  pancreas,  he  gave  details  of 
fibrin  by  tryp-  an  experiment  which  furnishes  some  idea  of  the  qnan* 
■*"■  tities  of  leucine  and  tyrosine  obtained  by  the  digeatioo 

of  blood-fibrin. 

The  fibrin  had  been  thoroughly  boiled,  and  then  freed  mecbaai' 
cally  from  much  of  its  adherent  moisture.  The  amount  subjected 
to  digestion  was  equivalent  to  382  grammes  of  dry  fibrin.  It  wft3 
suspended  io  6  litres  of  water  at  40"* — 48^  and  to  it  was  adde<» 
55  grammes  uf  minced  pancreas,  corresponding  lo  15*2  grammes  t>^ 
dri<Ki  gland.      After  a  digestion  lasting  6  hours^  16'0  grammes  (^ 

1  All  the  dau  tnven  under  thifl  bead  &n  Ukea  from  MaIj.  Hermamn't  Handhuc^ 
ToL  V.  n.  pp.  31S  auJ  21U. 


QuaJitltieB  of 
tyrosine  ob- 
tained from  al- 
tnunlnous  and 
albwttlnold 
bodies. 
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red  substance  reinained,  whilst  from  the  solution  were 
ippemted  42'5  grammes  of  coagulated  albumin  and  albuminate. 
By  subtracting  the  amount  of  the  undissolved  n^atter  as  well  as  the 
^a&s  of  the  coagulated  atbuniiu  and  albuminate  from  the  total 
[^aantity  of  water  free  fibrin  aod  gland  wo  obtain  the  amount 
of  the  substances  in  solution  (382  +  15*2)  -  (110  +  42'5)  =  3437 
gmmroes.  Of  these,  2 11  2  grammes  consisted  of  peptone,  13'3 
grammes  of  tyrosine,  and  31*6  grammes  of  leucine.  If  we  calculate 
the  percentage  of  tyrosin  and  leucine  obtained,  in  terms  of  the  water- 
free  proteid  matter  submitted  to  digestion  (397'2  grammes),  we  find 
that  the  yield  of  tyrosine  amounted  to  3'3,  and  of  leucine  to  7*9 
"per  ceot.  We  iiavc  stated  (see  p.  24fi)  that  by  treating  blood-fibrin  by 
the  sulphuric  acid  method,  Erleiimeyer  and  Schoffer  obtained  only 
2  per  cent,  of  tyrosine,  though  the  yield  of  leucine  was  14  per  cent 
Ey  his  barium  hydrate  method,  Schiitzenberger  obtained  from 
blood-fibrin  3*3  per  cent,  uf  its  weight  of  tyrosine.  From  a  com- 
parison of  the  results,  we  must  conclude  that  the  y\e\d  of  tyrosine 
irbeo  blood-fibriu  is  subjected  to  the  action  of  trypsin  is  larger  than 
it  is  by  either  sulphuric  acid  or  the  barium  hydrate  method.  The 
comparative  smallness  of  the  yield  of  leucine  as  compared  with 
that  of  tyrosine  probably  depended  upon  the  greater  difficulty  of 
ttpwating  quantitatively  the  more  soluble  proximate  priuciple. 

■pHuUtutioa  Tyrosine    is    an    aromatic   compound.     On    many 

«*nwine.  grounds  it  has  come  to  be  generally  looked  upon  as 
derived  fn)m  one  of  the  three  oxyphenyl  propionic  acid.s,  viz.  from 
the  one  whicli  is  designated  para  or  p-oxvphenylpropionic  acid. 
Tlu8  relation  will  be  rendered  obvious  by  the  following  constitutional 
&D(i  graphic  formula*. 

t'ara-oxyphenyl-a-propionic  acid. 
C-CH,-CH,-CO.OH 


0H,.CH,-C00n: 


CH 


CH 


CH 


CH 


C(OH) 


If  we  now  replace  an  H,  by  NH^-,  in  a  CH^  in  the  side  chain  of 
fiaroxyphenylpropionic  acid,  we  ohtB^nparojri/pftenyl-a-amidopropionic 
iLe.  tyrosine,  thus  : 

0  -  CH,  -  CH(NHO  -  00 .  OH 
.pOH  /\ 

[^  CH  CH 

^CH,.  OH(NH,) .  COOH  : 

CH  CH 

\y 

C(OH) 
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It  was  formerly  believed  tbat  tyrosiue  was  a  derivative  of 
acid*.     V.  Barth,  however,  in  1865,  shewed  that  when  it  i< 
with  caustic  alkalies,  it  yields,  instead  of  salicylic  acid,  its 
paroxybenzoic  acid,  besides  acetic  acid  and  ammonia,  thus: 

C,H„NO,  +H.0  +  O  =  C,H.O,  +  C^,0,  +  NH^ 

V.  Earth,  thereupon,  advanced  as  a  probable  theory,  that 
might  be  considered  as  othylamidoparoxybenzoic  acid  CH,.(NH( 
OH. CO.  OH.     He  subsequently,  however,  advanced   the  view 
tyrosine  is  a  para-oxyphenylamidopropionic  acid*;  this  opini 
received  confirmation  both  from  Beilstein  and  Kuhlberg 
Erlenmoycr  and  Lipp". 

Under  the  influence  of  putrefactive  processes  tyrosine  yields  pi 
para-hydrocumaric   acid   (imroxyphenylpropionic  acid),   HO ,  C^H^t 
CHj .  CO .  OH,  and  secondarily  by  tbe  decomposition  of  the  latter 
paroxyphenylacetic  acid  :  HO .  C,H^ .  CH^ .  CO  .  OH,  besides  parakxi 

Thb  following  equations  exhibit,  according  fco  Baumann,  the  s 
processes  of  decomposition  and  oxidatiou  of  tyrosine^. 

(I)     HO.C.H,.CH,.CH(NH,).CO.OH  +  H,= 

v^ _ — ^_ — ^^ — _^ 

Paroxyphenylamido-propionto  acid,  or 
Tyrosin 

NH,  +  HO .  C,H,.  OH,.  OH,.  CO . Ol 


Hydroparacomario  aoid 
(2)     HO .  C.H^ .  CH, .  CH, .  CO .  OH  =  CO,  +  HO .  C,H, .  CH,.  C 

Para«thy1pbetioL 
HO.C,H^.CH,.CH,  +  0,  =  H,0+HO.C.H,.CH,.CO. 


(3) 
(4) 

(5) 
(6) 


Parozypben^lacetio  add 
H0.0,H^.CH,.CO.OH  =  CO,  +  HO.C.H..CH^ 

Parakresol 

HO .  C,H^ .  CH,  +  O.  =  H,0  4.  HO .  C.H, .  CO  .  OH. 

■- ^ 

Paroxybenzoic  a«id 
HO .  O.H. .  CO .  OH  =  CO.  +  HO .  C  H.. 


Pbonol 


Physical  and  Chemical  Properties  of  Tyroaii 


Tyrosine  crystallises  in  fine   needles,  whici 
singly  as  well  as  in   characteristic  double    bi 
buTidles  and  in  rosettes. 


ayBtalUne 
form.' 


'  Odling,  LeetureM  on  Anirttal  Chftnuttry,  London,  1866,  aee  p.  126. 

3  Barth.  Ann.  d.  Chem.  u.  Pharm..  Vol.  cli.  p.  100. 

=■  Krlenmeyer    n.    Lipp,    *  Ueber    kiinatlichea    Tyroflin,*    Ber.    d.    cfeulMJ 
GuelUchaft,  Vol.  xv.  p.  Ifi4i. 

*  Baumann,  Berichte   d.  tUutacli.   ckem.    QetelUch,   Vol.    xii.   p.    145.^.     D 
*  Chemie  der  AbMnderungen  uod  der  Qewebe.'    Hoxmaan's  Handbuch^  VoL  t.  i 
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From  very  impure  solutions  it  separates  in  part  or  wholly  in 
nodules  and  balls  very  similar  to  those  of  leucine. 

CrvstalliBations  of  pure  tyrosine  often  present,  to  the  naked  eye, 
a  white  opaque  paper-like  appearance  due  to   the  aggregation   of 

crystals. 


Fia.  16.    Crystalb  or  Tthosine. 


lolaiiiiitT. 


Tyrosine  is  soluble  in  about  1900  parts  of  water  at 
ordinary  temperature,  and  in  150  parts  of  boiling  water; 
'tis  insoluble  in  alcohol  and  ether. 

Tyrosine  is  readily  soluble  in  solutions  of  ammonia,  in  solutions 
?f  the  caustic  alkalies  and  their  carbonates.  It  is  likewise  soluble 
'fi  dilute  concentrated  mineral  iicids.  with  which  it  fonns  somewhat 
unstable  compounds. 

Compotindi  Tyrosine  forms  a  compound  with  hydrochloric  acid, 

eftyrorin*.     C^Hj^'NO,  .  HCl  +  2H,0,  which  is  easily  soluble  in  abso- 

*uie  alcohol,  but  is  split  up  by  water  into  tyrosine  and  hydrochloric 

vid.    Similar  compounds  with  nitric  and  sulphuric  acids  have  been 

<'Uained. 

Compounds  of  tyrosine  with  sodium,  calcium,  barium,  .silver  and 
'UercQiy  exist  and  have  been  more  or  less  completely  investigated'. 
The  compound  of  copper  with  tyrosine  deserves  special  mention, 
on  account  of  its  sparintj  solubility.  It  is  obtained  by  boiling  solu- 
tions of  tyrosine  with  freshly  precipitated  cupric  hydrate,  and  sepa- 
rates in  the  form  of  siriull,  dark  blue,  sliiniog  needles  which  are  soluble 
in  1230  parts  of  cold  and  240  parts  of  boiling  wat^sr,  but  are  insoluble 


Gooinlt  Lehrbueh  dtr  Zoockemie  von  Prof.  Earl  B.  Hofmann,  Wien,  1879,  p.  15. 
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Relnhold 
BoAzuum'B  re 
action'^. 


in  alcohol  and  ether.  It  is  decomposed  by  evaporating  its  solutioci 
It  has  the  composition  represente<l  by  the  formula  (C,H;jNO,),  C«'. 
In  the  detection  of  tyrosine  tlie  obHcrver  is  ranch  aided  by  the 
Btudy  of  the  crystalline  form,  as  well  as  of  the  solubility  in  various 
agent-3.     In  addition,  however,  several  reactions  are  available. 

Tyrosine  forms  several  compounds  with  meroury; 
all  these  when  heated  with  a  solution  containiDg 
nitrous  acid  are  coloured  red.  Mil  Ion's  reagent  ii 
employed  in  testing  for  tyrosine.  When  added  to  solutions  of 
this  body  it  produces  a  precipitate  and.  on  boiling,  the  liquid  as- 
sumes a  red  culour,  which  increases  in  depth  as  the  boiling  is  cou- 
tiiuied  Millon's  reaction  for  the  detection  of  protoid  bodies  and 
their  derivatives  depends  upon  the  action  exerted  by  mercuric  salts, 
in  the  presence  of  nitrous  acid  upon  the  tyrosine  residue  which  they 
contain.  Nevertheless,  no  solution  of  a  proteid,  however  concen- 
trated, exhibits  the  progressively  increasing  colour — commencing  with 
a  pink  shade  and  passing  into  a  deyp  crimson — which  is  seen  when 
Sijlutions  of  tyrosine  are  boiled  with  Millon's  reagent,  Maly  recom- 
mends that  the  liquid  to  be  tested  for  tyrosine  be  ftrst  treated  with 
a  not  too  acid  solution  of  mercuric  nitrate,  and  then  either  with  a 
little  nitric  acid,  containing  nitrous  acid,  which  is  diluted  before 
beiu»r  added,  or  with  a  nitrite. 


Pirta'fl 
action. 


re- 


A  small  quantity  of  tyrosine  is  placed  on  a  watch- 
glass  together  with  one  or  two  drops  of  concentrated 
sulphuric  acid  and  is  heated  on  the  water  bath  to  50"  C.  After  hftlf- 
an-huur  the  solution  is  diluted  with  a  little  water  and  neutralised 
by  nif^ans  of  barium  carbonate.  On  filtering  and  adding  to  the 
tiltratt?  a  dilute  solution  of  ferric  chloride,  free  from  acid,  a  violet 
colour  developes.  An  excess  of  ferric  chloride  decolourises  the  solu- 
tion. When,  besides  tyrosine,  large  quantities  of  leucine  are  preaenj 
Piria's  reaction  is  interfered  with. 


i 


Pina'a  rcuctiou  depends  upon  the  formation  of  compounda  of  tyroffliw 
and  sulphuric  acid.  i 

8c^erer*B  When  tyrosine  is  treated  with  a  mixture  of  1  puH 

reaction.  of  concentrntod  nitric  acid  ami  1  part  of  water  and  the 

mixture  is  evaporated  to  dryness  a  deep  yellow  residue  is  obtaiueoi 
which  on  being  moistened  and  warmed  with  sodium  hydrate  solution 
assumes  at  first  a  yellow  and  afterwards  a  deep  reddish-yellow  colour. 
Scherer's  reaction  depends  upon  the  formation  of  nitrate  of  nitrQ- 
tyrosine  C,H,,(NO,)NO, .  HNQ,.  ^ 


'  Franx   HofmeUler,    'Ztir  Kenatniss  der   A.midoMuren.*      Maly's  JahrftbtriehU 
Vol.  vn.  (1H7H),  pp.  79  and  80.     The  original  paper  appoarcd  in  tho  Sitzvnjfttmr, 
Wien.  Akad,  (1877),  but  the  author  U&»  been  uuuble  to  con8ult  it. 

'  Keiuh.  Uofmann,    '  Iteaction   auf  Leuoin   und   Tyroain,'   Ann.   d.    Chemief^ 
Vol.  Lixxm.,  p.  1S8. 
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Aspartic  acid:  C4H^04. 

(Afnubhsuccinic  add,  C^Hs ( NH,)  (CO ,  OH),.) 

Aspartic    acid    was    found    by     Ritthausen     and 

Krensler',  togrethor  with   sliiUmic   acid   and   leucine. 

nstant  product,  amongst  the  subatanctjs  resulting  from  the 

ition  of  vegetable  albuminous  substances  when   these  are 

ith  dilute  sulphuric  acid. 

asiwetz  and  J,  Habermann',  in  their  first  great  research  on 
ftviucte  of  decomposition  of  the  proteids,  shewed  that  aspartic 
likewise  results  from  the  splitting-up  of  animal  albuminous 
feces,  under  the  influence  of  bromine.  From  100  parts  of  dry 
Sbmin  they  obtained  23'8  parts  of  aspartic  acid. 

ftheir  second  investigation,  HIasiwetz  and  Haberinauu"  em- 
f  hydrochloric   acid    and    stannous    chloride    as   decomposing 
and  again  obtained  aspartic  acid  among  the  products. 

Hadziejewski  and  Salkowski*  who  iirst  discovered  aspartic 
ongst   the    products  of  the   pancreatic   digestion    of  tibrin. 
riem  afterwards  obtained  it  together  with  leucine  and  tyrosine 
the  products  of  the  pancreatic  digestion  of  the  gluten  of 


of  Aspartic  acid  is  found  m   the  mother  liquors  from 

which  leucine  and  tyrosine  have  crystallised  out.  These 
may  be  further  concentrated,  or  treated  with  a  little 
when  after  some  time  new  crystalline  crusts  will  separate, 
should  be  dissolved  in  water,  and  the  .solution  boiletl  with 
precipitated  cupric  hydrate.  On  filtering,  the  blue  solution 
epofiit  the  Cu-compound  of  aspartic  acid,  winch  has  the  compo- 
X/^H^CuNO^  .  4^HjO ;  this  body  occurs  in  light  blue  needles. 
■Id  be  dissolved  in  HCl,  and  decomposed  by  means  of  H^S, 
fchite  crystjvlline  platelets  of  aspartic  acid  will  separate  out. 
ktalline  copper  composed  should  again  be  formed,  the  amount 
^per  determined,  and,  if  possible,  an  elementary  analysis  made, 
(impound  of  aspartic  acid  with  coi>per  contains  23*02  per  cent. 

^U^thftusen  uad  U.  Krensler,  *  VerbreitaDg  der  Aspara^inBiinre  and  Glntamin* 
Kmt  den  ZersetiningB-pToducten  dor  Proteins  to  ffe,'  Journ.  f.  prakt.  Chem.  in. 

BlAsiwflCz  and  J.  Habemiaun,  'Ueber  die  Protein»tofTe,'  Annalen  dtr  Chemie^ 
B.  (1871).  pp.  304—333. 

luiwetz  and  Uabermann,  'Ueber  die  Proteinstofle  II.'  Annalen  d.  Chem,  ttc* 
ui.  (1B73).  p.  150. 

Badziejewaki  and  E.  Salkowaki.  *BildunR  von  Asparaginsiiare  bei  der  Fancreaa- 
*  Itn-.  d.  d.  ehem.  GatflUchaft.  Vol.  vii.  p.  1050. 

Knieriftn,  ' Aspara^insiiure  etn  Produut  dor  kiint^tliohen  Verdauuug  von 
lb  die  Pancreaa-DrUae.'  Zritaehnft /.  Uidlogit,  Vol.  xi.  ^Iftl&V^'^*. 
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Physical  and  Chemical  Properties, 

Aspartic  acid  crystallises  in  amall  v^hite  platee. 

It  is  soluble    with   difficulty   in   cold   water  and 
insoluble  iu  alcobol. 

Boutoty  Its  aqueous  solution  is  kevo-rotatory ;  its  strongly 

power.  acid  solutions  are  dextro-rotatory  and  its  alkaline  solu- 
tions are  Inevo-rotatory  (Pasteur.  Ritthausen)^  A  nitric  acid  solutioo 
of  aspartic  acid  has  a  specific  rotation  (a)^  =  +  25'  16  (Laudolt).  In- 
active aspartic  acid  is  obtained  when  the  normal  acid  is  heakd  to 
170°— 180"  with  hydrochloric  acid  (A.  Michael  and  J,  Wing)'. 


Qlutamic   acid   C^H^NO^, 
(Amtdo-pyrotai-iaric  acid  C,Hj(NH^(COOH),.) 

Oocaxrenoe.  Glutamic  acid,  as  has  been  already  said,  was  foHoi 

by  Kitthauaen  and  Kreusler  amongst  the  pro<iucts  of  the  decom- 
position of  vegetable  albuminous  .substances.  Kreusler'  having 
failed  to  obtain  it  by  the  decoinpusition  of  proteids  of  animal  origin, 
advanced  the  view  that  it  was  one  of  the  products  which  distinguiHlied 
them  from  the  kindred  bodies  of  the  vegetable  kingdom.  Hlasiweti 
and  Habermntm*,  however,  shewed,  first  of  n\\  in  the  case  of  casein 
and  then  iu  that  of  other  animal  pruteids^  that  when  decomposed  by 
means  of  stannous  chloride  and  hydrochloric  acid,  glutamic  acid  is 
formed.  From  casein  they  obtained  by  their  method  29  per  cent  of 
glutamic  acid. 

By  the  decomposition  of  "  reticulin,"  the  new  phosphorus-oon- 
taiuing  proteid,  which  he  has  found  to  be  distinctive  of  adenoid 
tissue,  Siegfried  has  obtained  a  small  quantity  of  glutamic  acid'. 

Method     of  The  reader  is  referred  for  detailed  information  as  to 

"'^"'*°"*^    the    methods   of  .separating   gluUmic   acid    from  tbe 

Ideutm cation.         . .  .  ,         •  i       'i  •   i       i    °  -^    *     »k« 

other  amido-acids  which  always  accompany  it,  to  tne 

already  quoted  memoirs  of  Hlasiwetz  and  Habermann,  Ritthausen. 

and  Siegfried,     Either  the  sparingly  soluble  compound,  which,  lik'^ 

the  other  amido-acids,  glutamic  acid  forms  with   copper   must  bt 

separated,  purified,  and  decomposed,  or  advantage  may  be  taken  w 

the  sparing  solubility  of  the  livdruchloric  acid  compounds  of  glutanu^ 

acid  in  strong   HCl.     With  this  object,  the   concentrated   mother 

^  Landolt,  *  Daa  Optiiwhe  DrehuDKsvermdften  OrganUchea  Snbatanzen.'  Bltaft* 
Achwcig.  1870.     Hce  p.  222. 

'  A.  Michael  and  J.  Wing,  BerichU  d.  deuttch.  cfum.  Qe$tlUehafU  VoL  xTd- 
p.  2994. 

*  Kreusler,  Journ,  f.  prakt.  Chemit,  Vol.  ovn.  p.  240. 

*  Hlafiiwetz  und  Habermann,  *  Uebcr  die  I'roteinBtofle  II.'  Ann.  d.  Chemit,  dc* 
Vol.  CLxix.  p.  150. 

^  f>r  Max  Siegfried, '  Ueber  die  Cbemiacben  Eigcnschaften  des  Beticnlirten  Gevebei,' 
Uabititutionichri/tt  Leipzig.  Dea  1882. 
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liquor  in  ^hich  the  acid  is  suspected  to  exist  is  saturated  with 
p^aseous  HCI,  at  the  temperature  of  O""  C.  ami  is  placed  in  a  freezing 
nurture  for  some  hours.  The  HCl-salt  crystallises  in  the  form  of 
Urge  triclinic  tables  and  prisms,  which  have  the  composition 
CjH^'O^  +  HCl,  which  are  very  sparingly  soluble  in  cold  HCI,  and 
Tery  soluble  in  water.  To  obtain  glutamic  acid  from  ihis  coiupouud, 
the  latter  is  dissolved  in  hot  water,  and  to  the  boiling  solution 
freshly  precipitated  moist  silver  oxide  is  added  as  long  as  a  precipi- 
tate of  chloride  of  silver  separates.  The  filtrate  from  the  precipitate 
is  treated  with  Hj,S,  decolourised,  couccutratcd,  and  sot  aside  for 
some  days  to  crystallise*. 


I* 


Physical  and  Chemical  Properties, 


Glutamic  acid  crystallises  in  tlie  form  of  small  plates  or  of 
rhombic  tctrahedra  or  octahcdra.  Tt  is  inaolublo  in  alcohol  or  ether, 
and  is  sparingly  soluble  in  cold  water  (at  IG'  C,  1  part  is  soluble  in 
100  parts  of  water).  Its  melting  point  is  135' — 140\  Even  dilute 
lotions  reduce  Fehling's  solution. 

to^  Aqueous  and  acid  solutions  of  glutamic  acid  are 

dextro-rotatory.  In  the  case  of  a  dilute  hydrochloric 
solution  containing  9*0  grammes  of  HCI,  and  5  granimea  of 
glutamic  acid  in  100  CO.,  the  specific  rotatory  power  {a)i,=  -l-SM 
to  316  (Schulze  and  Bos.shard). 

In  the  case  of  glutamic  acid,  as  in  that  of  leunine,  Schultze  and 
Bosshard  found  that  the  dextrugyrous  boily,  by  long  heating  with 
barium  hydrate  at  150" — 160',  yielded  an  inactive  body  of  the  same 
composition.  Here,  ag^ain,  by  sewing  Penicillium  glaucum  in  an 
appropriate  nutrient  sterilised  medium  to  which  the  inactive 
body  bad  been  added,  they  succeeded  in  obtaiuing  an  optically 
active  amido-acid,  which,  however,  instead  of  being  dextrogyrous, 
a»  the  normal  acid,  is  la^vogyrous.  Under  the  conditions  of  acidity 
aod  temperature  previously   referred  to,  the  Isevorotatory  power  of 

«»glutamic  acid  (a)„=- 3:3:1  to-;S3-2. 
pThe  slight  difference  between  the  rotation  of  the  plan  of  polarisa- 
n  of  the  dextn>-  and  the    laevo-gyrous  bodies  depends  doubtless 
Qpun  slight  and  unavoidable  impurities. 

The  Cu-compound  of  glutamic  acid  obtained  by  boiling  it  with 
Ireshly  precipitated  Cu(OH)j  separates  in  the  form  of  prisms,  having 
the  colour  of  lapis  lazuli,  and  the  composition  C^H^N0^Cu  +  2^H,0 
<Ritthauaen,  Franz  Hofmeiater).  This  salt  is  soluble  in  about  3400 
wte  of  cold  and  4-00  parts  of  boiling  water. 

Karl  B.  Honn&nn,  Lehrbuch  der  Zoochemie,  Wien,  1879,  pp.  G35 — 637. 
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Sect.  11.     Bases  uesultino  from  the  Decomposition  or 
Albuminous  Substances  by  Trypsin. 


(Lysinet  Lysatine  or  Lysatinine  and  Amnwnia.) 


RIstoHeal 
introduction. 


1.    Lysine  C.H,,N,0,. 

Commenting  upon  tlie  results  wliicb  had  been 
tained  by  Hlasiwetz  and  UabenimuD,  on  the  one  bi 
by  the  action  of  stannous  chloride  and  hydrochloric  acid  on  the 
minous  substances,  and  by  Schiitzenberger,  on  the  other»  who  effected 
the  decomposiLioii  of  the  same  bodies  by  Ba(OH)j,»  Drechsel  argued 
that  both  processes  had  this  in  common,  that  they  led  to  the  produc- 
tion of  amido-acids  and  of  annnonia.  whilst  they  differed  materially 
in  that,  under  the  influence  of  caustic  baryta,  carbonic,  oxalic,  and 
acetic  acids  were  formed,  whereas  these  bodies  did  not  occur  whfu 
stannous  chloride  and  hydrochloric  acid  effected  the  decompositioD\ 

Hlasiwetz  and  Habernianu  bad  by  theii-  method  obtained  leucine, 
tyrosine,  glutamic  acid  and  ammonia,  as  products  of  the  decompi>- 
sition  of  casein,  and,  in  addition,  a  small  quantity  of  mother  li(|U'jr, 
from  which  no  other  crystalline  bodies  separated.  Horbaczewski  by 
the  same  method  had.  by  the  decoinpositiou  of  horn,  obtaiaed  16  to 
18  per  cent,  of  the  H(3l  cinnpMjund  of  glutamic  acid,  three  to  live 
per  cent  of  tyrosine,  15  per  cent,  of  leucine  and  very  small  quanti- 
ties of  aspartic  acid.  If  we  assume,  argued  Drechsel*,  that  in  these 
researches  only  oue-half  of  the  substances  actually  obtained  could  be 
sei>arated  in  a  crystalline  form,  even  then  about  30  per  cent,  of  the 
original  albuminous,  or  albuminoid,  matter  acted  upon  would  be  Itift 
unaccounted  for,  and  this  detioit  fai'  exceeds  the  amount  which  could 
be  covered  by  the  ammonia  formed  in  the  reaction:  seeing  that  all 
the  products  of  decomposition  coutained  nitrogen,  and  the  amount 
of  this  element  in  a  j)rotei<l  nnly  amounts  to  IG  or  17  per  cent. 

Reas<:)niug  in  this  manner,  Drechsel  commenced  an  investigation 
of  which  the  object  was  to  discover  some,  at  least,  of  the  products 
resolting  from  the  splittiug-up  of  the  albuminous  molecule  which 
had  escaped  previous  observers,  and,  in  the  first  instance,  he  directed 
his  attention  to  bases  which  might  presumably  be  present  in  lb€ 
mother  liquors  of  the  hydrochloric  acid  and  stannous  chloride  process. 
The   investigations  which  he  was   led  to  conduct   iu   person'  and 

^  Drf.ch»el  in  the  article  'Kiwcisakbrper'  in  Ladonbnrg's  UandwSrttrbuch  der 
Chemie,  Vol.  ni.  p.  548. 

'  Drechi!*!,  'Per  .\bhan  dpr  EiweiftMstoffe.'  Du  Bois'  Archiv^  ISyi,  see  p.  264,  'Zor 
EenntniKK  d»?r  SptLltun^hproiIucte  den  Caseins.' 

'  E.  Drecliisel,  "  Uyber  ein  Hpallungfli»rodact  deg  CaBdnfi,"  Her.  d,  K.  SJi^^ 
Ge$elUchaft  der  IVUsfrucha/teH.  Sitz  am  1  Aug.  1870.  "  Zur  Kcnntniss  dur  Spoltiiolf*' 
products  des  Caseins.  "  Du  liois"  Arekiv,  1891,  pp.  254 — 200.  *  Ueber  dio  Bildua^'  ^^ 
Harnstoff  auB  Eivciss,'  Ibid.  pp.  261—265,  and  Ber.  d.  deuUch,  c?iem,  GraelUeh.  Vot 
iijjj,,  p.  309C. 
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through  his  pupils  Ernst  Fisclicr',  Max  Siegfried',  T.  G.  Hedin*  and 
T.  R.  Kriiger*.  Lave  lei  to  results  of  the  deepest  intorest  which  have 
aJreudy  thrown  great  light  on  the  important  question  of  the  origin  of 
A  part  of  the  urea  formed  in  the  organism. 

Pure  casein  was  the  body  first  investigated  by  Drtichael,  and  he  sub- 
lected  it  to  decomposition  by  the  method  employed  by  Hlaaiwetz  and 
babermanii,  addiii^  however  to  the  conteiiU  of  the  fiosk  metjillic  zinc,  so 
»£  to  keep  up  a  constant  evohitioii  of  liydmgeu,  the  apj)aratus  l»eing 
axniii^ed  so  as  to  exclude  atinosphoric  oxyguu. 

When  the  iiecomposition  of  the  proteids  had  been 
completed,  the  contents  of  the  flask  were  somewhat  dihited 
and  freed  from  tin  by  the  action  of  H.jS.  Having  lieen 
eva(>oratf;d  to  the  original  volume,  the  hot  Bohitiou  was 
treuttsj  Willi  a  hot  satunited  tkilution  of  crystallised  phos- 
photungatic  acid^  This  reagent  pn>duces  a  precipitate  in  which  all  the 
faases  are  cuutalned,  whilst  the  filtrate  contains  all  the  amido  acids. 

The  precipitate  was  then  washed  with  water  containing  five  per  cent, 
of  sulphuric  acid  and  an  equal  quantity  of  phosphotunsgstic  acid»  until  all 
traces  of  chlorine  had  disappeareil  ;  it  was  then  suspended  in  1>oiliiig  water 
aDrldeconijK>sed  by  the  addition  of  a  slight  excess  of  baryta  water.  The 
fluid  ha\'iug  been  boiled,  to  expel  ammonia,  wati  then  filtered,  and  from  the 
filtrate  the  excess  of  barium  precipitated  exactly  by  sulphuric  acid.  The 
6Itiiite  from  the  barium  sulphate  precipitate  was  then  saturatetl  with  HCl 
aiiJ  concentrated  on  the  water  bath.  The  thick  symp  thus  obtained  when 
pWd  over  sulphuric  acid  jiradually  became  converted  into  u  crysUilline 
inaM.  By  treating  this  with  spirits  of  win**,  from  the  wlready  almost 
•oliilified  syrup  a  beautifully  crystalline  hydrochlorate  was  obtained,  which 
wm  found  to  he  readily  soluble  in  water,  but  insoluhlo  in  absolute  alcohol. 
This  |)ro%*ed  to  be  the  hydrochlorate  of  the  new  bnse  lysine,  CH^NaOg. 
la  the  mother  liquor  the  liydrochlorate  of  lysatinine  is  contained.  In 
siilwequeat  researches  the  latter  part  of  the  process  was  3<i>mewhat  luodi- 
fi^  Thus  the  syrupy  liquid  coutainiiig  the  liydrochlorate  of  lysine  was 
dissolved  in  50  per  cent,  alcohol,  and  trcaterl  with  alcoholic  solution  ot 
pliitiQum  chloride,  lliis  rtragent  precipitated,  in  the  first  instance,  some 
jwtwaium  platinochloride.  After  separation  of  the  latter,  the  further 
additiou  of  alcohol  caused  the  separation  of  a  platinochloride,  which  after 
crystalHsed  repeatedly,  presented  the  ap|)eanince  of  beautiful  yellow 

Imat  Fischer,  '  Ueber  neue  Spaltangsprodnot«  des  Leimes,'  Bu  Boia'  Archiv, 
5-269. 
;I)r  Max  SieKfned,  *  Zar  Kenntniss  der  SptLltungsproducte  der  Eiwetsskdrper,' 
4,  deutich^i  chcminchm  GtudUchaft.    Vol.   xxiv.   p.   118,  and  Da  Bois'  Arehiv, 
270—273. 

S.  G.  HhUd,  *  Zar  Kcantnlfls  der  Producte  der  tryptLSchen  Verdanmig  des 
,*  Du  Bois*  Archiv,  1891,  pp.  273—278. 
E.  Drechsel  iind  Tb.  R.  Kriiger,  '  Zur  Kenntniss  des  Lysins,'  fi«r.  d,  deuUch, 

:h.  Ge»flhchaft.  Vol  xxv.  (1892),  p.  2454. 
Thift  reftgent  bkd  been  long  emplnyed  as  a  general  procipitunt  uf  vegetable  bashes. 
<*iag  known  as  'Scheibler's  reagent*;  it  hod  been  need  by  Ktirner  (Pdiiger'fl  Archh\ 
*ol.  11.  p.  22f>)  ftH  a  precipitant  of  crcntininf,  and  had  been  empltryt^d  by  Dr  Fran^ 
Bofmeisier  (or  thu  auparation  of  kynnric  acid  from  the  urine  of  do^p ;  this  author 
i^Vil  thai  besides  crfc'atiuinb,  it  prccipitatt'il  xaulhiue  (F.  HofiuiMster,  'Ueber  die 
ducb  I'hoAphorwolframaaure  follbaren  Substansen  des  Harna,'  ZeiUchr.  f.  phyn. 
t-'i'im,  Vol  V.  (1881),  pp.  67-74). 
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net'dles,  and  which  hud  the  composition,  C.Hj^NjO.  HjPtCI^  +  CjHj.OH. 
The  mother  Hquid  containB  the  platimxihloride  of  lysHtinine,  to  be  after- 
wards  described.  From  this  salt  the  platinum  can  be  separated  by  ml- 
phnretted  hydrogen,  and  a  crystalline  hydrochlorate  obtained.  By  boiUu| 
the  latter  with  freshly  precipitaU^d  Pb(OH)j,  the  baae  is  Bet  free;  it  bu 
not  however  been  obtained  in  a  crystalline  condition. 

Another  method  of  separ-atiiig  lysine,  by  taking  advantage  of  Uu 
fonuation  of  a  very  sparingly  aolublu  silver  com[X>und  will  be  deacnbed 
under  lyaatinine. 

CoMUtuUon  I^ysiii*  C.Hj^N^O,,  has  the  composition  of  a  diamidtv 

and  oompoundfl  cupruic  acid  and  is  »  boniologuu  of  4 J iainido* valerianic 
or  lysine.  ^j^]^  which,  as  has  already  been  stated  (p.  244).  is  pre- 

sumably identical  with  Jatfe's  ornitbin.  Lysine  forms  two  coraponnd* 
with  HCI,  having  respectively  the  composition  G^HuNjO, .  HCl  and 
CH„NA-2HCI». 

It  is  optically  active  (dextrcgyrous)  but  when  heated  to  \b(f 
with  baryta  water,  althougn  it  is  not  decomposed,  it  yields  an  opti- 
cally inactive  isomer,  the  platinochloride  of  which  crystallises  with 
out  either  water  or  alcohol  of  crystallisation  and  has  the  forraul* 
C,H„N,0, .  H,PtCl.  (Siegfrieil)'. 


J 


I 

r1^ 


2.     Lysatinine,  C„H„X,0  (or  Lyeatine  C.H„N.O,  ?). 

In  describing  the  methods  of  separating  lysine  we  have  sta 
that  one  of  these  consisted  in  the  formation  of  the  platinochiuride 
of  the  base,  which  could  be  obtained  in  the  form  of  beautiful  needle* 
shai>ed  crystals.  In  the  mother  litjuors  from  which  lysine  platino- 
chloride was  separat-ed,  Drechscl  discovered  a  second  base,  to  wliich 
he  gave  the  name  of  lysatine  or  lysatinine. 

The  interest  which  this  base  po-sacsses  in  relation  to  the  formation 
of   urea  in  the   organism   is  a  sufficient  reason    for   the   somewhat 
lengthened  treatment  of  Drochsel's  researches  on   the  bases  wlii 
result  from  the  decomposition  of  the  proteid  molecule. 

In  describing  the  preparation  of  lysine  by  convertinjf 
oflTsa^^a^  int4j  »  platinochloride,  it  was  mentioned  that  the  luothcr 
liquor  coutains  the  platiuochluride  of  a  second  base,  lyaatiuiiuh 
In  order  to  obtain  it,  this  mother  liquor  is  cooaiderably  diluted  with 
wat*^r  and,  by  distillation  in  vncuo,  freed  fi-om  alcohol  and  ether.  Froio 
thn  aqueous  solution  which  remains,  th<*  platinum  is  a(*parated  by  rnnMW 
of  HjS,  and  the  filtrate  heated  on  the  water  bath,  to  drive  off  free  HCI, 
then  concentrated  to  aynjpy  consistence.  This  syrup  U  diluted  with  witar 
and  a  concentrated  anUition  of  silver  nitrate  added,  drop  by  drop,  from  * 
burotto,  so  08  to  free  it  exactly  of  chlorine,  The  filtrate  and  washings  from 
the  precipitated  silver  chloride  are  then  again  concentrated  to  syrupy 
consistence  and  ti'eated  with  the  same  volume  of  silver  nitrate  solutionis 
was  previously  employed  to  precipitate  the  chlorine.     On  now  adding*" 

1  E.  Dreohsel  and  J.  K.  Kriiger,  '  Znr  Kenntaist  des  LyBins,*  Ber.  d.  Deuueh. 
Chem.  OeielUchaft,  Vol.  zxt.  p.  3455. 

*  M.  Siegfrioil,  '  Zar  KenntuiM  der  BpaltnngRproduote  d«r  Eiweisskdrper,'  <fj^  c'^ 
The  specific  rotation  o(  thia  body  has  yet  10  be  determined  (May,  l&'J'A). 
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ure  five  or  six  volmnes  of  alcohol  and  some  ether  it  becomea  very 
subsequently,  as  tbe  turbidity  disappears,  a  thick  oil  falU  to  the 
the  vcfuiel  in   which  the  precipitation  is  effected.     The  clear 
j^uor  is  now  poured  off  and  gradually  treated  with  ether  in  small 

KfBf  until  a  separation  of  crystaln,  which  adhei'e  to  tbe  walls  of  the 
nrnmences :  at  this  stage  a  large  excess  of  ether  is  added  and  the 
side  for  the  night  in  a  cool  place.     The  following  day  snow- 
and  flakes  are  found  to  have  separated,  which  are  recrys- 
a  small  quantity  of  water,  to  which  alcohol  and  ether  are 
e  thus  obtained  pt^fectly  pure'. 

^-  From  the  precipitate  which  phosphotuugstic  acid  pro- 

I  p^     duces  when  added  to  the  products  of  decomposition  of  the 

^slne    protcids,  Ijrsine  and   lysatiniue  niuy  be  rtuidily  uei>aruted. 

iBliia    The  precipitate  Imviug  been  &eed  from  chlorine,  it  is  dis- 

fi^om    Holve<l  (almost  completely)  in  Iwiling  water  and  decomposed 

B**^***    by  means  of  the  smallest  possible  excess  of  Ba(OH)r     The 

'"■    filtrate  fiom  the  barium  precipitate  is  saturated  with  COj, 

boiled  for  half-jin-hour,  filtcrud  and,  wh«n  colil,  treated  with 

I  of  silver  nitrate,  so  long  as  a  precipitate  fulls.     The  voluminous 

ite  is  separated  and  thoroughly  washed  with  water. 

^trate  from  the  silver  precipitate  is  concentrated  to  the  consistence 

ti  syrup  and  then,  little  by  little,  treated  with  small  quantities  of 
alci^hol,  which  causes  a  somewhat  dense  precipitate,  which  assumes 
rely  crystalline  form  and  which  contains  lysine.  (From  this  pre* 
ihe  platinochloride  of  lysine  may  be  obtained,  in  a  pure  cimdition, 
^>osing  by  means  of  ILS,  concentrating  tbe  filtrate,  treating  with 
Bn  with  alcohol  and  ether  in  the  manner  d*»Rcribed  at  p.  255.) 
titrate  from  which  the  smeary  compound  of  lysine  and  silver  has 
0  through  the  gradual  addition  of  alcohol,  is  still  further  treated 
hoi,  when  the  tine  crystalline  compound  of  lysatinine  and  silver 
obtained,  exactly  as  described  previously. 

The  analysis  of  the  silver  compound  leads  to  the 
formula  C,H„N  0, .  HONO,  +  AgO  .  NO,,  from  which 
however  probably  is  to  be  subtracted  a  molecule  of 
water  of  crystallisation. 

From  the  empirical  formula  derived  from  the  analysis 
of  the  previdusly  described  compouud,  lysatiniue  is  seen 
to  have  the  composition  of  a  creatine  or  a  creatinine, 
as  we  assume  that  one  molecule  of  water  is  or  is  not  water  of 
,tion.  Its  composition  in  the  latter  case  would  be  expressed 
irmula  C^Hw^-jNgOg,  which  is  also  tbe  empirical  formula  of 
^ii^i«+»^«^i»'  ^"  ^^^^  ^^^^  ^^^  should  term  it  lysatine. 
Creatine  ...  CAN^O^ 
Lysatine    ...  C,H,,N,0,. 

iletailfl  of  the  procefu  aro  taken  from  Ernst  FtBcher's  paper,  '  Ueber  neae 
producte  dcs  Leimeti.*     Extract  from  'Inaugural  Dissert.,'  Leipzig,  1890.  in 
memoir,  '  L>er  Abbau  der  Eiweifis«toflfe.' 
Hed,  *  Zur  Kenntniss  der  Spaltangsproducte  dcr  EiweisBkdrper,'  se«  note  3, 
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Likecr«atine  We  now   come  to  the  deeply  interesting,  centtil 

""^^T^t-    ^^^^  resulting  from  Drechsel's  researches. 
(^poBM*vitb  ^^  ^^  ^*^"?  been  the  object  of  the  endeavoare  rf 

the  formation  physiological  ciiemiats  to  obtain  urea  directly  by  tin 
ofurea.  decomposition  of  albuminous  substancea.    The  Freoch 

chemist  B^hamp  believed,  indeed,  that  by  the  oxidising  action  cl 
potassium  permanganate  he  had  succeeded  in  obtaining  iire*. 
Stadeler  and  0.  Lohr,  on  repeating  the  experiments  of  B^hftm|^ 
failed  to  continn  his  discovery.  In  spite  uf  the  asseverations  of 
Ritter  in  support  of  the  accuracy  of  B^champ's  assertion,  Tappeioer 
on  going  over  the  same  ground  obtained  the  same  results  at 
Stiideler  and  O.  Lohr.  The  probable  source  of  error  has  beeo 
explained  by  F.  Lorsch,  who  has  found  that  under  the  conditions  of 
B^hamp's  experiment,  with  some  modifications,  guanidin  is  formed, 
this  substance  having  probably  been  mistaken  for  urea  by  Bechamp*. 

By  a  process  not  of  oxidation,  but  of  decomposition,  in  whidi 
probably,  secondary  products  of  decomp>ositiou  are  less  likely  to  arise 
than  by  any  other,  we  have  seen  that  Drechsel  has  obtained  the 
base  lysatinine,  which  has  an  empirical  formula  homologous  to  tUt 
of  creatine  or  creatinine.  As  creatine  when  boiled  with  baryti 
water  splits  into  sarcosin  and  urea,  it  occurred  to  Drechsel  that 
his  new  base,  lysatinine,  would  in  all  probability  be  similarly 
decomposed  and  furnish  urea  as  a  product.  Experiment  at  once 
verified  the  anticipation.  From  10  grammes  of  the  double  salt 
of  lysatiuiue  and  nitrate  (jf  silver,  hy  boiling  (after  previous  sepa- 
ration of  the  silver)  for  25  minutes  with  excess  of  baryta  waUr, 
he  obtained  1  gramme  of  pure  urea  nitrate,  from  which  he  isolated 
urea,  which  he  identified  by  a  comparison  of  physical  and  chemicul 
properties  and  by  a  nitrogen  determination.  Thus  it  has  been 
possible  to  prove  that  by  processes  of  simple  decomposition,  in 
which  oxidation  is  absolutely  excluded,  urea  can  be  derived  directly 
from  the  albuminous  substances.  The  whole  bearing  of  these  dis- 
coveries will  be  discussed  in  the  third  volume  of  this  work  in 
connection  with  the  general  question  of  the  mode  of  fortnatioD  of 
urea  in  the  body.  It  may  here  be  stated,  however,  that  Drechsel 
is  far  from  believing  that  the  whole  or  the  major  part  of  the  area 
formed  in  the  organism  is  due  to  the  decomposition  of  lysatinine 
On  the  contrary,  he  is  of  opinion  that  presumably  only  about  one- 
ninth  of  the  urea  extracted  is  thus  derived. 

Reference  has  been  made  to  secondary,  as  distinguished  fro* 
primary,  products  of  the  decomposition  of  proteids ;  the  distiacticD 
will  be  easily  made  plain.  The  carbonic,  oxalic,  and  acetic  aci<fa 
which  were  obtained  when  proteids  were  decomposed  b^  long  heating 
with  Ba(OH)^  at  high  temperatures,  and  which  were  not  obtained 
by  the  non-oxidising  action  of  Sn  Cl^  and  HCl,  are  examples  ol 
BBCondary  products. 

1  The  references  to  the  original  papers  will  be  fonnd  in  Drechsel's  memoir,  ^\}t^ 
ein  SpaltcmgBproduct  des  Caseins.' 
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I    When  U'sine  is  heated  with  Ba(OH),  at  150''— 160'  it  is  not  split 

Sand  can  be  again  recovered  (Siegfried).  When,  however,  lynati- 
e  is  subjected  to  the  same  process,  it  is  split  up  and  barium 
Lrbonate  is  formed.  Thus  is  explained  the  origin  (at  least  in  part) 
r  the  CO,  which  is  one  of  the  products  of  Schiitzenberger's  process, 
fed  which  is  to  be  looked  upon  as  a  secomlary  product. 

Drechsel  assumes  that  1  molecule  of  lysatiuine,  when  decomposed 
ith  caustic  baryta,  yields  1  molecule  of  urea,  which  by  further 
kidadon  will  yield  1  molecule  of  CO,.  From  100  parts  of  dry 
[bumin  treated  by  his  baryta  method,  Schutzenberger  obtained  a 
kaximum  quantity  of  12'5  parts  of  BjiCOj,,  which  corresponds  to 
f79  parts  of  CO^  These  2*79  parts  of  CO,,  on  the  assumption  stated 
bove.  may  have  their  origin  in  8*95  parts  of  lysatiuine,  or  S'8  parts 
f  urea  springing  from  the  decomposition  of  this  body,  respectively. 
hias  from  100  parts  of  dry  proteid  matter  there  probably  are 
lerived  in  the  organism  38  parts  of  urea,  by  processes  purely  of 
lecomposition.  But  how  can  the  relation  between  the  urea  formed 
JD  this  way  to  the  total  amount  of  urea  formed  by  the  decomposition 
If  the  organism  be  calculated  ?  100  parts  of  albuminous  matter,  in 
kHind  numbers,  contain  16  per  cent  of  nitrogen,  which  is  almost 
tatirely  excreted  as  urea.  The  16  per  cent,  of  N  correspond  to 
MrS  parts  of  urea.  If  we  now  compare  the  amount  of  urea  which 
ban  be  derived  i'rom  lysatiniue  directly  split  off  from  the  proteids, 
Hith  the  total  amount  of  urea  which  the  proteid  can  furuish  in  the 
fcconomy.  we  arrive  at  the  result  that  the  proportion  of  the 
lomer  to  the  latter  is  as  1  :  9  (3-8  :  34*3  ::  1  :  9'02). 
^How  the  other  nine-tenths  probably  arise  will  be  matter  for 
Hnission  in  the  sequel. 

Ij^om^e  ^  ^^^  experiments  of  Drechsel.  Fischer,  and  Siegfried 

tn&i  products  ^*^  shewn  that  under  the  IICI  and  SaCl,  process,  the 
Bf  digMUon  by  two  bases  which  we  have  been  considering  are  formed, 
feyp»ia.  however  varying  the  nature  of  the  albuminous  body. 

Hius  Drechsel  discovered  lysine  and  lysatinine  in  the  products  of  the 
decomposition  of  casein.  His  pupil,  Fischer,  separated  these  bases 
by  following  the  same  process  with  gelatin ;  and  Dr  Max  Siegfried 
obtained  the  same  results,  working  with  conglutin,  gluten-fibrin, 
kemiprotein,  Maly's  oxyprotosulphonic  acid  and  egg-albumin. 

That  the  decomposition  of  proteids  proceeds  as  has  been  stated, 
when  they  are  subjected  to  the  action  of  reagents  which  are  capable 
of  splitting  them  up,  will  appear  to  some  to  afford  no  sufficient 
ground  for  assuming  that  the  siime  process  is  likely  to  occur  in  the 
Animal  economy  and,  until  this  is  proved,  the  arguments  which  have 
been  developed  will  seem  to  these  objectors  to  be  fanciful  and  of 
little  value.  But  direct  experiment  is  no  longer  wanting  to  prove 
tliat  lysine  and  lysatinine  are  formed  under  conditions  which  necea- 
Barily  must  lead  to  their  production  in  the  alimeutary  canal. 

Dr  S.  G.  Hedin,  working  under  Drechsel,  separated  from  the 
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products  of  the  paDcreatic  digestion  of  3000  grammes  of  moiat  fibrin, 
28  grammes  of  the  chemically  pure  platiaochloride  of  Ivsine.  beridei; 
enough  of  the  silver  compound  of  lysatinine  to  establish  its  identJlj. 
Further,  from  150  grammes  of  Kuhne's  dry  pancreaji,  Hedin  obtaiiM' 
0*7  grammes  of  the  pure  platinnohloride  of  lysine,  which  euafale 
the  identity  of  the  body  to  be  determined  by  elementary  analysii, 
and  doubtless  lysatinin  was  also  present*. 


Ammonia:  NH. 


When  albuminous  substances  are  split  up  by  the  action 
Ba(OH)a  at  high  temperatures  (Schixtzenberger's  process)  products 
obtained  of  which  some,  such  as  leucine,  tyrosine  and  aspartic 
are  probably  primary,  i.e.  are  produced  directly  by  the  splittin 
of  the  proteid  molecule,  whilst  othera,  such  as  acetic,  oxalic 
carbonic  acids,  are  secoiidaiy,  i.e.  are  produced  either  by  the  a 
decomposition  or  by  the  oxidation  of  bodies  which  were  the  pri 
results  of  decomposition  but  are  not  able  to  remain  imdecom 
under  the  particular  conditions.  Thus  it  has  been  shewn  t 
part,  if  not  the  whole,  of  the  carbonic  acid  obtained  by  Sc 
enberger  must  be  derived  from  the  secondary  decompositiorf 
lysatiuine,  itself  a  primary  product  of  the  splitting-up  of  proteidi 
In  judging  of  the  primary  or  secondary  relations  of  these  products^ 
decumposition  very  great  stress  must  be  laid  upon  the  evident 
which  establishes  whether  the  body  under  consideration  i&  fonnwir 
whichever  the  method  of  decomposition. 

Amongst  the  products  obtained  both  by  Schutzenberger's  method 
of  decomposition  and  by  that  followed  by  Ulasiwetz  and  Habermann, 
Drechsel  and  others  (Sn  Cl^  and  HCl),  NH,  occupies  a  consUot 
place.  It  was,  therefore,  interesting  to  determine  whether,  under  the 
influence  of  tr}*psin,  ammonia  is  formed.  The  question  has  been 
decided  in  the  affinnative.  In  an  investigation  made  in  Hoppe- 
Seyler's  Laboratory,  under  coiaditions  which  exclude  the  probability 
of  putrefactive  ciiangeSj  in  trypsin  digestions  which  lasted  a  very 
short  time  (4  hours),  and  in  which  the  temperature  was  only  32"  C, 
small  quantities  of  NH^  were  rapidly  formea^ 

Stadehaann*.  in  Kuhne's  laboratory,  repeated  Hirschler's  ejcperi- 
ments  under  conditions  which  absolutely  excluded  the  possibility  (»t 
putrefactiau  and  obtained  exactly  the  same  results. 

1  Br  S.  G.  Hedin,  *  Zar  Keuntuitia  der  Producte  der  trypUschen  Verdaaucg  ^ 
Fibrins.*     In  Drechsel's  •  Abban  der  EiweiBBfitoffe/ 

*  Dr  August  Hireohler,  '  Bildung  von  Ammoniak  bei  der  FanereasTerdAimn^  ^ 
Pibriu.'  (Aaa  dem  pbysiologisoh.  cbemisch.  Laborat.  in  Btrassburg.)  Zeitackrifi l* 
phy».  Chtmif,  Vol.  x.  (1880),  pp.  302—305. 

*  £.  Stadelmouu,  'Bildung  vou  Amiuouiak  bei  PaukroMverdaaaog  von  ^brip/ 
ZtiUehriftf.  Biolcgie,  Vol.  xnv.  (1888),  pp.  261—266. 
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Are  Xanthine-bases  products  of  digestion  by  Trypsin? 


Adenine  C.H.N, +  3H,0. 
Hypoitanthine  C.H^N^O. 


Xanthine  C,H,N  0,. 
Guanine  C.H.nA 


^e  have  now,  before  conclading  our  account  of  the  well-defined 
lucts  which  arise  by  the  action  of  trypsin  on  the  proteids  (inde- 
lendently  of  putrefactive  bacteria)  to  consider  briefly  and  to  examine 
ke  value  of  the  facts  which  have  been  placed  on  record,  and  which 
Mght,  at  first  sight,  appear  to  establish  some  relation  between 
ke  bases  enumerated  above  (and  often  designated  xanthine-bases^} 
"  pancreatic  digestion. 

In  his  investigations  on  the  bases  which  are  con- 
tained in  various  tiRsues  and  organs,  Scherer  found  small 
quantities  of  guanine  and  xanthine  in  the  tissue  of 
the  piincreas  of  oxen*.  The  amounts  do  not,  however, 
differ  materially  from  those  found  in  other  glandular 
organs  and  fail,  therefore,  to  est-ablish  any  special 
smeciion  between  these  bodies  and  pancreatic  proteolysis.  Chitten- 
Bn,  in  the  course  of  a  research  to  be  afterwards  referred  to,  found 
lat  the  pancreatic  tissue  contains  an  appreciable  quantity  of 
)xanthine  and  xanthine,  but  he  proved  that  these  bodies  pre- 
tisted  in  the  pancreas  and  were  not  the  products  of  auto-digestion, 
their  amounts  did  not  increase  when  the  dried  pancreatic  tissue 
digested  at  40"  C.  for  24 — 48  hours  in  a  weak  alkaline  solution. 

TteotMarra-  Hypoxanthine    and    xanthine    in    small   quantities 

of  8*io-    were  stated  by  Salomon^  and  by  Krause*,  who  worked 
0^    under  him,  to  be  products  of  the  digestion  of  blood- 
fibrin  by  pepsin  as  well  as  by  trypsin.     These  authors 
irther  stated  that  both  bodies  were  likewise  formed  when  fibrin  is 
at  the   temperature   of  the   body  with  weak   hydrochloric 


Working    under     Kuhne's    direction,    Chittenden" 
"    repeated  Salomon  s  experiments.     He  found  that  when 
blood-fibrin  is  subjected  to  digestion  either  with  pepsin 
'psm,   small    but  easily  recognisable   quantities   of  the    silver 
Compound  of  hypoxanthine  could  be  obtained.    He  likewise  obtained 


Lnthinfl  And  z&nthiDe  have  been  dealt  with  at  length  in  Vol.  i.  (1st  edition, 
-332).  A  fnll  dc&cription  of  Adenine  will  be  foand  in  the  2nd  edition  of  Yol.  i., 
eofmexion  with  the  cheoiiatry  of  the  Nacteins.  Guanine  will  be  desoribed  in 
^ol.  ui.  In  ihin  place  wc  Rholl  only  refer  to  these  bodies  so  far  as  they  appear  to 
|wtr  OD  pancreatic  diKestion. 
1     '  Scherer,  Annni.  li.  Chan.  u.  Pharm.,  Vol.  en.  p.  257. 

'  Salomon,  'Ueber  die  Verbreitung  nnd  Entstehung  von  Hypoxanthin  und  MUoh- 
•io»  im  thieriscben  OrganismaB/  ZeiUckr.  f.  phys.  Chemie,  Vol.  it.  (1878 — 79), 
9?-  65—95 ;  refer  to  p.  90. 

*  Uago  Kranse,  '  Ueber  Darstellong  von  Xanthinkorpem  ana  Eiweisa/  Inaug.  Diss. 
BerUn.  1878. 

'    '  B.  H.  Chittenden,  'On  the  Formation  of  Hypoxanthin  trom  Albumin/  Journal 
U  Vol.  n.  (187£)— 80),  pp.  38—87. 
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Eossers  re- 
searches on  na- 
cl6ln8&nd  their 
relations  to 
hypoxan  thine. 


hypoxanthine  when  he  subjected  blood-fibrin  to  the  action  of 
boiling  water,  as  well  as  when  he  digested  it  for  two  or  three  dij» 
with  a  2  p.c.  sol.  of  hydrochloric  acid  at  the  temperature  of  40'  C. 

Chittenden,  iu  comparative  experiments,  shewed  that  when  egg- 
albumiu  was  substituted  for  fibriu,  no  hypoxanthine  could,  with 
certainty,  be  discovered,  except  in  the  case  of  the  pancreatic  digestion 
(^f  egg-albumin,  in  which  he  obtained  positive  results. 

As  will  be  shewn  in  the  sequel,  the  cardinal  fact  to  be  made  out 
was  whether  blood-fibrin  contains  hypoxiintbine  preformed  or  Dot 
In  the  former  case,  Salomon's  and  Chittenden's  results  would  merely 
prove  that  under  the  circumstances  of  their  experiments  hypoxan- 
thine had  been  dissolved  out  of  the  fibrin  in  which  it  had  been 
occluded.  Chittenden  believed  that  he  had  proved  that  fibrin 
does  not  contain  hypoxanthine,  by  boiling  it  for  long  periods  with 
absolute  alcohol,  and  then  examining  the  alcohol,  which  wai 
found  to  be  free  from  hypoxanthine.  Drech8el\  however,  shewed 
that  this  experiment  does  not  by  any  means  settle  the  questioi 
the  absence  of  hypoxanthine  from  fibrin. 

In  the  year  1879  Dr  Albrecht  Kossel  publish 
research'  on  the  nuclein  of  yeast,  in  which  he 
iiounced  that  amongst  the  soluble  products  of  its  d^ 
composition  was  a  not  inconsiderable  quantity 
hypoxanthine.  In  a  subsequent  paper"  he  shewed 
that  when  the  nuclein  of  yeast  is  merely  boiled  with  water,  t 
quantity  of  hypoxanthine  (which  he  estimated  at  about  1  per  ceut.) 
is  formed,  this  body  being  split  off  from  the  nuclein  molecule. 

Extending  his  researches  to  nucleins  from  other  sources  he 
similarly  proved  that,  under  the  same  circumstances,  they  yield 
hypoxanthine.  From  these  facts,  Kossel  argued  that  the  small 
quantities  of  hypoxanthine  found  by  Salomon  and  Chittenden  when 
blood-fibrin  was  digested  with  pep)sin  and  trypsin,  were  derived  from 
the  tmcleiu  of  tbe  white  blood  corpuscles  necessarily  occluded  iu  the 
fibrin,  and  that  these  experiments,  therefore,  iu  no  way  auflSceJ  to 
prove  that  hypoxanthine  or  xanthine  are  products  of  the  decomposi- 
tion of  proteids  either  by  pepsin  or  trypsin*. 

Kossel  has  shewn  that  not  only  hypoxanthine  but  likewise 
xanthine  and  guanine  result  from  the  decomposition  of  nucleins, 

^  Diecbsel.  *  Zar  Frage  nach  der  Entstefaung  von  Hypounihin  aua  EivreiaakOrpcBS 
Ber.  d.  deutuch.  chem.  Ge$elUchaft,  Vol.  xill.  p.  240. 

*  Dr  Albrecbt  Kossel,  '  Ueber  das  Nuolein  der  Hefe,*  Zeit$chrifi  /.  pfcyt,  Cfc*- 
Vol.  in.  (1879).  p.  284—291.  ^ 

*  Dr  Aibreclit  EoBsel, '  Ueber  die  Horkanft  dcs  Hypox&nthiiu  in  dcm  Orgmnimtfi 
ZeitMchrift  f,  phtfn,  Chem.,  Vol.  v.  (1881).  pp.  150—167. 

*  HAloninn  b&fl  adoptod  the  view  of  Koaeel  aa  to  tbo  origin  of  hjpoz&ntbino  froi' 
nuclein :  "  NAchdem  ion  gezelgt  bfttte  dass  das  Kucleiu  als  die  Quelle  dieser  Kurper  i^ 
OrRaniemaa  anzufeehcn  ifit,  iind  alle  Experimente,  die  man  far  die  Bildong  ditf^ 
SnbstanzcD  aus  den  EiweisakOrpern  angeffihrt  hat,  hinfallig  gevorden.  SaloinoD  t^ 
meine  Boweise  nDorkannt  uud  damit  seine  fr^ere  Ansiebt  ziuiiclcgezogeD.**  KoMfl' 
*Zur  Chemie  des  ZcUkemB,'  ZeiUchhft  filr  physiolog,  Chfmit,  Vol.  vu.  pp.  7— ^ 
(see  pp.  15  and  16J. 
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Subsequently,  Kossei  found  that  when  the  pancreas 
■****"    is   boiled  for  three  or  four  hours  with   a   very  dilute 
sulphuric  acid  (out;  part  of  coucentrated  sulphuric  acid 
in  four  parts  of  water)  a  base  is  set  free,  adenine  which  is 
|a  polymex  of  HCN,  and  which  has  the  composition  CaH8N,+  3HsO. 

This  base,  he  has  shewn,  is  formed  in  the  first  instance  from 
Dudein,  and  the  hypoxanthine  which  is  obtained  by  decomposing 
tuciein  is  derived  from  adenin*.  When  the  latter  base  is  treated 
pith  citrous  acid,  hypoxanthine  is  formed. 


i: 


C^»N.  H-  HNO,  =  C.H,N,0  +  N,  +  H,0. 


lemn  appears  to  be  an  amido-hj-poxanthinf*  and  t-o  bear  the  same 
relation  to  it  that  guanine  bears  to  xauthLue. 

After  an  examination  of  the  facts  adduced,  the  conclusion  is 
inevitable  that  the  so-called  xanthine  bodies  do  not  originate  by  the 
profound  decomposition  of  the  alburn  inous  or  albuminoid  bodies 
under  the  influence  of  trypsin,  but  are  the  products  of  the  decom- 
position of  nucleins,  a  decomposition  which  appears  to  occur  with 
nt  ease  under  a  variety  of  circumstances  capable  of  efifecting  the 
,    "olytic  splitting-up  of  organic  compounds. 


Trt/ptophan. 


PHTe  shall  by  this  name'  designate  a  substance  as  yet  known  only 
vphe  reactions  which  it  exhibits  when  its  solutions  are  treated  with 
chlorine  or  bromine  water,  but  which  may  be  found  among  the 
products  of  decomposition  of  the  albuminous  molecule,  in  whatever 
manner  this  may  be  brought  about. 

^i*^^^-  Tiedemanu  and  Gmeliu*  observed  for  the  first  time 

that  the  pancreatic  juice  of  the  dog  asHuuies  a  rose-red  colouration 
^hen  it  is  treated  with  chlorine  water,  and  assumed  that  this  reaction 
was  characteristic  of  the  pancreatic  secretion.  Claude  Bernard*, 
however,  shewetl  that  the  perfectly  fresh  and  normal  pancreatic  juice 
does  not  exhibit  the  reaction,  but  that  it  is  obtained  with  the  juice 

1  Sonet,  *Ueber  das  Adenin/  Zeitseh.  /.  php$.  Chtm.,  Vol.  x.   (1886).  pp.  350 

'  Tbe  name  Tiyptophan  has  been  suggested  by  NeaiDciflter  as  indioating  the  origin 
of  the  bod;  in  tbe  decoiupotiitiua  of  proteiiJH.  It  la  derived  from  ffptrvroMoi,  lo  be 
ivokea,  and  ^{ru,  to  bring  to  light. 

ft.  Neomeister,  *  Zur  Physiologie  der  EivreiBsresorption  und  zur  Lehre  von  den 
Ptptonen,'  ZeiUchrift  fiir  Jiiologu,  Vol.  unj.  (1890),  pp.  30S— 373 ;  aeo,  concerning 
Tijptophan,  p.  345  (note). 

E.  SUdelmann  hae  apphed  the  term  Protein ochromogen  to  the  same  mibstanM. 
Bttxely  it  ifl  scarcely  appropriate  to  apply  a  name  implying  that  it  is  tbe  cause  of  the 
^  BOlooTi  displayed  by  the  proteidt;  (?),  to  a  body  which  ia  but  an  unknown  product  of 
ttivr  deoompositioQ. 

'  TiedemaDD  and  Gmeliu.  *  Die  Verdauung  naoh  Versuchen.'     lieiddberg,  1S31. 
I      *  Oaude  Bernard,    'Ml^moire    aar    le    PancrSaa.'    Comptfg    Rendwi,    Suppt/nttnt, 
.XUSU),  pp.  40S— 409. 
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which  has  been  kept  for  some  time,  unless  putrefaction  sets  in,  wl 
it  ceases,  Claude  Bernard  observed  that  when,  through  putrefatW 
the  chlorine  reaction  could  no  longer  be  obtained,  if  the  liquid  wer« 
precipitated  with  lead  acetate,  the  filtrate  freed  from  lead  by  dilute 
sulphuric  acid,  and  the  second  filtrate  were  treated  with  nitric  luidj 
containing  nitrous  acid,  a  red  colour  was  produced;  this  he  belie 
to  be  caused  by  the  same  body  which  bad  originally  caused  the 
colouration  with  chlorine. 

Kuhne*  proved  this  view  to  be  untenable,  the  nitric  and 
nitrous  acid  reactions  being  dne  to  the  formation  of  indol,  which 
could  be  separated  by  distillation.  Kiihne  shewed  that  the  vert 
different  substance  which  exhibits  the  chlorine  reaction  also  gives*, 
rod  or  violet  colour  when  treated  with  bromine  water,  and  since  he] 
introduced  its  use  bromine  water  has  generally  been  employed,  fof 
this  purpose,  in  the  laboratory  instead  of  chlorine  water. 

It  is  mainly  dxie  to  the  researches  of  Kuhne  that  we  have  become 
acquainted  with  the  fact  that  tryptophan,  as  we  shall  henceforth 
designate  it.  is  produced  not  only  as  one  of  the  products  of  ibe 
pnncioatic  decomposition  of  prot+'ids,  but  is  likewise  to  be  found 
(though  it  is  rapidly  destroyed  and  disappears)  as  a  constant  product 
of  the  splitting-up  of  the  albuminous  molecule,  in  whatever  manner 
this  may  be  brought  about,  Kiihne  is  of  opinion  that  it  is  one  of 
the  products  of  the  decomposition  of  the  hemi-moiety  of  the  molecule. 

Thus  it  is  one  of  the  products  of  decomposition  when  the 
protei<l3  are  treated  by  SchUtzenberger's  process",  as  well  as  when 
they  are  boiled  with  5  per  cent,  sulphuric  acid,  though  in  the  latter 
case  the  reaction  is  alight,  and  the  body  which  occasions  it  rapi^ 
disappenrs^  ■ 

Tryptophan  is  slightly  stiluble  in  alcohol,  ether,  anfl 
chloroform  (Kriikenberg).  It  is  more  readily  soluble 
in  amyl  alcohol,  which  may  be  employed  to  effect  ita 
separation  (Hemala*).  In  the  latter  case  the  reactioa 
should  be  obtained  by  the  use  of  chlorine  water,  a* 
bromine  is  soluble  in  amyl  alcohol,  and  imparts  to  it  a  yellow  colour- 
The  tinctorial  intensity  of  tryptophan  is  very  great,  so  that 
solutions  which  give  an  intense  violet  colouration  wiih  chlorine, 
furnish  but  a  small  quantity  of  the  colouring  matter.  According  tfl 
Krlikenberg.  chlorine  or  bn>mine  do  not  cause  the  colour  reaction  *>l 
tryptophan  by  an  oxidising  action,  but  by  actually  entering  into  coin 
bi'uatiou  vdth  the  body.     This  author  found  that  tryptophan  is  diff*^ 


Chemical 
nod     phyctoal 
proptrtiw     of 
■oltttlons       of 
tTTptopbJUi. 


^  EahM,  *  Uvbor  Indol  ans  Eiveua,*  £«r.  d.  JnCirJk. 

VoL  txn.  liaWfL  M«  p^  SSi. 

lptu«^    8w  sola  to  M*  SI 


ml  Pieptooe.'  ZHtwtJmp  /> 


|M 


e4M  JMifte.  SIM  BA  J«n  MM.  9w  U8L 


BAP.  m.]  TRYPTOPHAK.  265 

Oble,  and  that  its  solutions  exhibited  an  absorption  band  in  the 
knnity  of  D. 

For  the  discussion  of  many  &cts  concerning  tryptophan,  and  for 
he  description  of  painstaking  methods  employed  in  the  attempted 
eparation  of  the  Dody,  the  reader  is  referred  to  a  paper  on  the 
abject  by  Stadelmann'. 

^  E.  Stadelmann,  *Ueber  das  beim  tiefen  ZerfiaU  der  EiweisskOrper  entetehende 
"totfllnoehromogen,  den  die  Bromreaotion  gebenden  Kdrper,*  ZeiUchrift  /.  Biologies 
foL  zxn.  (1890).  pp.  491—626. 


CHAPTER    IV. 


THE   BILE. 


iNTRODUCrORy   OaSERVATIOMS. 

In  the  preceding  chapters  of  this  book  the  various  secretions 
have  been  considered  in  connection  with  the  general  physiology  o* 
the  organs  which  produce  them,  some  account  having  also  beeC 
given  of  the  stnictiirc  of  these.  lu  the  case  of  the  bile,  however,* 
different  course  will  be  followed,  for  reasons  which  will  presuraaW; 
commend  themselves  to  the  readers  of  a  book  which  aims  at  ' 
thorough  chemical  treatment  of  the  processes  of  the  animal  ecouotn] 
considered,  however,  from  the  point  of  view  of  the  philosophic* 
biologist. 

In  this  volume  we  shall  consider  the  general  chemical  compos 
tion  of  the  bile,  its  proximate  principles  and  their  transformation 
and  the  probable  part  played  by  the  bile  in  the  intestine,  ind< 
pendeutly  of  the  general  physiology  of  the  organ  which  produces  it. 

The  bile  is  to  be  looked  upon  as  a  comparatively  insignificai 
by-product'  resulting  from  the  extremely  complex  and  divert 
chemical  operations  which  have  their  seat  in  the  liver,  the  large: 
and,  perhaps,  the  most  important  of  all  the  glands  of  the  bod_ 
This  by-product  furnishes  as  little  insight  into  the  great  operador 
which  are  conducted  in,  and  by,  this  great  chemical  factory,  tb 
liver,  as  might  be  obtained  of  the  nature  and  magnitude  of  tt 
operations  carried  on  in  extensive  chemical  works,  were  we  ool 
permitted  to  study  the  chemical  composition  of  a  drain  into  whic 
some  alone  of  the  waste  products  of  the  works  were  regularly  di 
charged.  Doubtless  this  study  might  throw  sonie  light  on  the  open 
tions  of  the  factory  and  would,  certainly,  be  necessary  to  their  con 
plete  investigation,  which,  however,  would  only  be  possible  when  v 
were  placed  in  a  position  to  examine  the  raw  materials  entering,  U 
structure  and  relative  relations  of  the  various  parts  of  the  factory,  tl 
nature  and  mutual  flependence  of  the  various  chemical  operatioi 
carried  on  within  its  precincts,  no  less  than  all  the  products  resultii 

^  *  Tlie  bamaD  liver  wetfths  from  1500  to  2000  grmR.,  and  prodaoee  in  tweuty-fo 
hours  about  400  to  r>00  grms.  of  bile.  The  parotid,  which  only  weighs  from  V4 
SO  grms.,  produces  in  the  s&me  ttmo  from  800  to  1000  grms.  of  secretion  *  (Bong 
The  comparison  quoted  indicates  how  subordinate  most  be  the  part  played  by  t 
biJe  in  respect  to  the  general  functions  of  the  liver. 
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from  them.  Such  a  study  we  propose  to  make  in  the  case  of  the 
liver  in  Book  III.  It  cannot  be  undertaken  until  we  have  completed 
«>ur  examination  of  all  the  processes  which  Lave  their  seat  in  the 
^imentary  canal.  For  the  latter  purpose  we  are.  however,  compelled 
undertake,  at  the  present  stage,  a  detailed  study  of  the  bile. 


^fiii 


Sect.  1.    Methods  of  obtaining  Bile. 


In  the  case  of  the  bile  we  do  not,  in  the  majority  of  animals, 
encounter  the  difficulties  which  present  theniseivea  in  the  case  of 
the  other  secretions  of  the  alimentary  canal,  when  we  desire  to  ob- 
tain them  in  a  state  of  purity.  In  vertebrate  animals  generally,  there 
exists  in  connection  with  the  hepatic  duct  'a  unilateral  caecal  diver- 
ticulum '  the  gall-bladder,  in  which,  during  the  periods  when  a  con- 
tinuous flow  of  bile  into  the  intestines  is  not  required,  the  secretion 
may  accumulate,  and  whence  we  usually  obtain  it  for  the  purposes 
of  chemical  study  and  research. 

That  animalSf  such  as  the  carnivora,  in  which  digestion  is  a  more  or  leas 
intermittent  process,  should  always  possess  a  gan-l>ladder  is  inteIligib]o 
enough,  and  that  the  exceptional  cases  in  which  this  reservoir  is  absent 
should  occur,  ?natn/y,  in  the  herbivora  is  on  the  whole  intelligible.  It  lb 
impossible,  however,  to  account  for  the  exceptions,  so  far  as  the  Author 
knows,  either  on  morphological  or  physiologiad  grounds.  Thus,  whilst 
oxen  and  sheep  conform  to  the  rule  and  have  a  gall-bladder,  deer  have 
none.  The  solidungula  are  distinguished  by  absence  of  gali-bladdiT. 
Whilst  our  duniestic  birds,  in  general,  possess  a  gall-bladder,  the  pigeon 
has  none.  The  [tarrot  and  the  ostrich,  amougst  well-known  birdd,  also 
have  no  gall-bladder. 

Whilst  we  are  able,  as  has  been  said,  to  obtain,  for  chemical 
study,  bile  from  the  gall-bladder  of  dead  animals,  ic  is  impossible  to 
study  the  process  of  secretion,  to  determine  its  relations  in  puint  of 
time  to  the  various  digestive  acts,  and  to  furm  adequate  conceptions 
of  the  part  which  it  plays  in  the  various  digestive  processes,  unless 
we  supplement  the  facts  ascertained  in  other  ways  by  observing 
animals  in  which  biliary  fistula"  have  been  established. 

EstabUah-  Schwann^  wag  the  first  to  establish  bilinry  fistula?, 

meat   of  Dill-    and  his  method  of  operating  has  in  general  been  imi- 
ary  flstola.         tated  by  subsequent  observers. 

The  dng  is  the  animal  which  has  almost  invariably  been  employed 
when  the  object  has  been  to  make  a  pertnanent  biliary  fistula.     Hav- 

>  Tb.  Schwann,  *  Versncbe  um  aasEamitteln  ob  die  Galle  im  OrKaniamas  oine  f^ 
daa  L«beo  wewnttJcbe  Bollu  spielt,'  Archiv  f.  Anat.  u.  J'htjt.  {1844),  pp.  127—159. 
Althongh  Schwann  has  the  merit  of  having  first  established  permanent  l)iliary  fi-itula, 
the  dogs  upvn  whiub  be  operated  and  which  Kurvived  the  immediate  effects  of  the 
operation  died  in  two  or  three  bonra,  and  he  was  in  conscquGuce  led  to  attach  an 
exaggerated  and  nntrue  importance  to  the  part  which  the  bile  plays  in  the  economj. 
Schwann  emplojed  no  cannul/b  to  collect  the  bile.  So  far  an  the  Author  knows  it  was 
iBlondlot  who  first  did  ao  in  coses  of  biliary  ftstolie. 
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ing  been   kept   without   food   for   24   hours   preceding  the  opCT»- 
tion,  and  having  been  deeply  narcotised,  first  by  means  of  morphia 
and  then  of  chloroform,  an  incision  about  two  inches  in  length  is, 
made  through  the  abfloniinnl   wall  in  the  Ihiea  alha^  cummencinfl 
at  the  xyphoid  eartikge.     The  gall-bladder,  which  is  distended  wifl 
bile  in  the  fasting  animal,  is  brought  into   view   and.   ^vith  little 
dithcully,  the   cystic   is   traced   to   the   common  bile-duct  (ductui 
communis  choledochus).     The  latter  runs  by  the  side  of  the  portal 
vein  and  the  hepatic  artery.     By  means  of  a  blunt  aneurism  needk', 
the  common  bile-duct   is  separated  and  a  ligature  applied,  in  the 
first  instance,  as  near  as  possible  to  the  junction  of  the  cystic  with 
the  hepatic  duct.     The  duct  is  then  followed  down  and  a  second 
ligature  applied  as  close  as  possible  to  the  duodenum.     The  portiou 
of  the  duct  intervening  between  the  two  ligatures  is  cut  out,  wit^ 
the  object  of  preventiug  the  re-establishment  of  the  duct,  an  evefl 
which    is   otherwise  very  apt  to  occur,  especially  if  any  temporary 
hindrance  to  the  outward  flow  of  bile  should  arise. 

This,  the  first  and  easier,  part  of  the  operation  having  been 
completed,  the  apex  of  the  gall-bladder  is  seized,  by  means  of  artery 
forceps,  and  drawn  to  the  upper  end  of  the  incision  in  the  abdominal 
wall.  Two  sutures  ure  then  introduced,  one  at  either  side,  ver)'  close 
to  the  apex  of  the  gall-biatlder,  and  these  are  fixed,  one  on  one  side 
and  one  on  the  other,  to  the  upper  end  of  the  incision.  The  lower 
part  of  the  latter  is  brought  together  lege  artis  by  sutures,  and  then 
the  very  apex  of  the  gall-bladder  is  incised  by  means  of  scissors. 
Having  applied  additional  sutures  so  as  to  unite  firmly  the  muscular 
and  cutaneous  edges  of  the  incision  except  at  the  point  where  the 
gall-bladder  is  secured,  the  animal  is  left  for  a  few  days.  The  appli- 
cation of  a  shield  {fitted  to  the  finimal  before  the  operation),  partly 
made  of  guttapercha  and  partly  of  metal,  and  which  admits  d 
being  strapped  across  the  auimars  back,  is  of  great  assistance  io  the 
after  treatment. 

If  the  operation  has  been  performed,  as  should  invariably  bo  tho 
case,  with  the  strictest  antiseptic  precautions,  the  animal  usually 
recovers.  It  is,  however,  only  in  comparativel}'^  rare  cases  ihat  a 
cannula  can  be  so  adjusted  as  to  collect  the  whole  of  the  bile  secreted. 

In  ciises  where  the  apex  of  the  gall-bladder  admits  of  beiog 
brought  well  in  contact  with  the  abdominal  wall,  a  cannula  of  iht; 
pattern  of  the  one  usually  employed  for  gastric  fistulte  (see  p.  741 
but  of  much  smaller  size,  may  be  introduced  and  retained.  When 
such  is  the  case  the  free  end  of  the  cannula  may  be  closed  by  an 
indiarubber  stopper,  peribrated  by  a  glass  tube,  to  which  is  attached 
an  iodiarubber  tube  leading  to  a  bag  of  the  same  material  in  which 
the  secretion  is  collected, 

schur'a'am-  If  a  large  fistulous  aperture  be  established  between 

pMboUc'  ftatu-    the  surface  of  the  abdomen  and  the  gall-bladder,  with- 
>"■  out  the   common   bile-duct   beiug  ligatured,   the    bile 
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Iwill,  in  its  entirety,  flow  externally,  so  long  as  the  external  exit 
IS  free.  If  the  cannula  which  has  been  fitted  into  the  fiatula  is 
closed,  either  by  a  stopper  or  by  an  accidental  plue;  of  mucus,  the  bile 
will  flow  into  the  intestine.  Such  biliary  fistula;  are  termed  by 
Bchiff,  who  has  employetl  them  frequently  iu  his  researches,  amphi- 
bolic fistulffiV  Such  fistuliE  offer  so  many  advantages  that  it 
appears  strange  that  they  have  not  been  more  commonly  prefen*ed 
to  the  tistulse  with  occlusion  of  the  common  bile-duct.  The  chief 
of  these  advantages  is  firstly,  that  the  operative  procedure  required 
for  their  establishment  is  comparatively  simple  ami  that,  conse- 
quently, the  chances  of  recovery  are  much  greater  thun  when  the 
bile-duct  is  divided.  Secondly,  that  animals  with  amphibolic  fistulie 
do  not  sutTer  in  general  health  to  the  same  extent  as  those  from 
whose  alimentary  canal  the  bile  is  continuously  cut  off:  and  thirdly, 
that  the  secretion  of  biie  may  at  any  time  be  studied  under  condi- 
tions which  much  more  nearly  approach  the  normal  than  cau  be  the 
case  if  the  bile  is  permanently  withdrawn  from  the  intestine. 

Temporarr  Temporary  biliary  fistulfe   have  often  been  estab- 

bUiaryflstuUe.  lislied  in  the  dog  and  cat.  The  abdomen  having  been 
op*;n€Hl  and  the  Crtrnm<>n  bile-duct  exposed,  a  glass  tube  is  introduced 
into  it,  the  cystic  duet  being  sometimes  ligarured.  To  the  glass  tube 
is  attached  an  indianibber  tube,  by  which  the  whole  of  the  bile 
excreted  is  conveyed  externally. 

The  establishment  of  temporary  biliary  fistulfe  has  often  been 
practised  in  the  case  of  the  guinea-pig.  The  large  size  of  the  gall- 
bladder iu  this  animal  and  the  readiness  with  which  it  can  be  drawn 
to  the  surface  ob\*iating  the  principal  difficulty  encountered  when 
operating  on  dogs.  When,  however,  the  caramon  bile-duct  of  the 
guinea-pig  is  tied  the  animal  dies  iu  the  course  of  about  twenty-four 
hours*. 


Sect.  2.    The  Secretion  of  Bile,  the  circumstances  under 
which  it  occurs,  and  the  conditions  which  influence  it". 

1.    Absolute  amount  of  Bile  secreted. 

The  secretion  of  bile  is  continuous,  though  the  rate  at  which  it 
proceeds  varies  very  greatly. 

>  From  d/i^^Xia,  the  flUto  of  being  attacked  on  both  ndea.  For  reference*  fco 
RohiiTs  papere  and  a  disaufiaion  of  his  investigations  refer  to  p.  278  et  mq. 

^  The  reader  wliu  desires  additional  iuformalion  on  the  subject  of  biliary  fistulw  ia 
referred  to  the  already  quoted  paper  hy  Schwann,  as  well  as  to  Kiihno's  Lfhrfntch, 
p.  69:  Heidenbain,  '  Aole^uog  vun  OallenfiHtelu '  in  Hermann's  Handbuch,  Vol.  v.  x. 
pp.  24'.»— 261 :  Colin,  PhyAiohgie  comjmr^e.  Vol.  i.  p.  8.51. 

'  In  the  preparatiou  of  this  Kcction  the  Author  has  availed  himgelf  of  muoh 
information  contained  in  the  admirable  article  b^  Professor  Ueidenhain,  entitled 
■  Ailgemeine  Verhaltnisse  der  Gallenseereiion '  in  Hermann's  Handbueh^  Vol.  T.  i.  p. 
251  et  Btq. 
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Absolute 
amoont  of  bUe 
and  blle-sollds 
secreted    \>y 

fl.nl main    of 

T&nouABpecLefl. 


From  the  remarks  which  have  been  made  cod- 
ceming  the  difficulties  which  attend  the  collection  of 
the  total  quantity  of  bile  secreted  by  animals  with 
biliary  fiatulae,  the  reader  will  be  prepared  for  ^jreat 
discrepancies  in  the  results  obtained  by  various  ei- 
perimenters.  When  it  is  considered,  moreover,  that 
some  observers  based  their  estimates  upon  the  study  of  the  secretion 
in  animals  with  temporary  fistulas  (Bidder  and  Schmidt,  Colin), 
whilst  the  majority  confined  their  observations  to  animals  with 
permanent  fistulse,  one  great  source  of  discrepancy  \vill  be  apparent. 

The  attempt  has  been  made  to  express  the  relation  between  the 
amount  of  bile  secreted  per  hour  or  per  day  in  terms  of  the  weight  of 
the  animal.  Inasmuch  aa  different  individtials  of  the  same  species 
secrete  bile  diflfering  in  a  remarkable  degree  in  the  amount  of  water 
it  contains,  most  experimenters  have  sought  to  determine  not  only 
the  total  quantity  of  bile  secreted  but  also  the  bile-solids. 

The  first  result  which  strikes  one,  in  considering  the  quantity  of 
bile  secreted,  is  that  no  comparison  can  be  instituted  in  this  respect 
between  animals  of  dififerent  species.  The  smaller  the  animal,  a<)  a 
rule,  the  greater  the  quantity  of  bile  secreted  in  relation  to  the 
weight  of  its  body.  It  might  be  supposed  that  this  stands  in 
relation  to  the  fact  that  the  ratio  of  the  weight  of  the  liver  to 
the  total  weight  of  the  body  is  greater  in  the  case  of  small  than  it  is 
in  that  of  large  animals.  As  a  matter  of  fact,  however,  the  unit- 
weight  of  liver  secretes  very  much  more  bile  in  the  case  of  small 
than  in  that  of  large  animals,  as  is  shewn  by  the  accompanying  data 
{ Heidenhain). 


RELATION    BET\S^EN    THE    QUANTITY   OF   BILE    SECRETED   AND 
WEIGHT  OF  THE   BODY   AND   LIVEE.     (HEIDENHAIN*.) 


Tflf 


Ratio  of  Weight  of  Bile  to  Weight 
of  Body 

Ratio  of  Weight  of  Bile  to  Weight 

of  Liver 


Sheep. 


1  :  37-5 


1-507  :  1 


B&bbit. 


1  :8-2 


4-064  :  1 


Qoinek-' 


1  :5 


I 


4-457  : 1 


E«iuiti     of  The  dog  is  the  animal  on  which  by  far  the  large£ 

obserratlons  on  number  of  observations  have  been  made,   usually  l^ 
ttw  do«.  the  method  of  permanent,  but  occasionally  by  thi 

t-emporary,  fistulffi. 


Heideahalu,  toe,  cit.,  Hennann'e  Uandbuch,  Vol.  t.  i.  p.  253. 
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QUANTITY  OF  BILE  AND  BU^E-SOLIDS  SECRETED  BY  THE  DOG 
(PER  KGRM.    OF  THE   BODY-WEIGHT  IN   24  HOURS). 


Anthorides. 

Frefth  Bile. 

Bile-Bolidii. 

Himmam. 

Maximum. 

Mmiiiium. 

Maximum. 

Bidder  and  Schmidt 

15-9 

28-7 

0-696 

1-126 

NiBae 

12*2 

28-4 

0-400 

0-784 

Arnold 

81 

11-6 

0-215 

0-373 

Eolliker  and  Miiller 

21-5 

36-1 

0-748 

1-290 

Leyden 

2-9 

10-4 

019 

0-58 

It  will  be  gathered  from  a  study  of  the  results  exhibited  in  the 
Above  table  that  the  quantity  of  bile  secreted  by  the  dog  is  subject 
to  remarkable  variations.  In  these  experiments,  for  the  most  part-, 
the  quantity  of  food  consumed  by  the  animal  has  been  left  out  of 
coDftideratioQ. 

^Bome  relation  will  probably  be  discovered  to  exist  between  the 
^mint  of  the  solid  matters  of  the  bile  and  that  of  the  products  of 
IP  tissue  waste  of  the  organism  as  a  whole,  but  the  observations 
Ditherto  made  have  neither  been  directed,  nor  been  adequate,  to  the 
^ucidation  of  such  a  relation. 

Tb*  Mcre- 
Un  of  l)Ue  In 
Mrtaln  herbl- 
vonuB  ani- 
mals contrast- 
«4  intli  tliat 
**er«t«d  by 
Hma  cuni- 
^nrotu       anl- 


In  the  first*  of  the  subjoined  tables  are  exhibited 
the  average  quantities  of  bile  and  bile-solids  obtained 
in  the  case  of  the  dog,  cat,  sheep  and  rabbit,  by 
Bidder  and  Schmidt,  and  in  that  of  the  guinea-pig  by 
Friedlander  and  Barisch*. 


Heidenhaiu  has  expressed  in  a  convenient  tabular 
form   (see   the   second    of  the   subjoined   tables)  the 
****•  results  of  calculations  ba.se(l  upon  existing  data  which 

^te  to  the  secretion  of  bile  by  three  herbivorous  animals. 

THE  SECRETION  OF  BILE  AND  BILE-SOLIDS  IN  CERTAIN  HER- 
BIVOROUS AND  CARNIVOROUS  ANIMALS,  EXPRESSED  IN  TERMS 
OF    THE    WEIGHT    OF    BODY. 


I  kgr.  of  the  following  animala  Bocret«d  in  24  hours. 

Cat. 

Dog. 

Slieep. 

Rabbit 

Goinea-pig. 

Fresh  Bile 
BUe-soUdfl 

14-50 
0-816 

19-99 
0-988 

25-41 
1-344 

136-84 
2-47 

175-84 
2-20 

1  Heidenhain,  Hermann's  Handbueh^  Vol.  v.  i.  p.  352. 

>  Friedlander  and  Barisob,  Archivf.  Anat.  u,  PhyiioL  16G0,  p.  646. 
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[i^^l 


TABLE  EXHIBITING  THE  RELATION  BETWEEN  THE  WEIGHT  OF  THE 
BODY  AND  OF  THE  LIVEB.  ON  THE  ONE  HAND.  AND  THAT  OF 
THE  BILE  AND  BILB-SOLIDS  SECRETED  PEB  HOUR.  ON  THB 
OTHER  1. 


Sheep. 

Babbit. 

Oaij»a-pig. 

a.     Mean  body-weight  (in  grms.) 

23377 

15258 

518 

ft.     Bile  secreted  hy  I  kgr.  of  Body 

1109 

5070 

7-320 

per  hour 

c.      Ratio   of    weight   of   liver   to 

1  :  53-5 

1  :  33-5 

1  :  27-3 

weight  of  Body 

d.     Bile  secreted  by  1  kgr.  of  liver 

62-8 

169-3 

185-5 

per  hour 

«.     Bile-aolids  s^reted  by  1  kgr. 

413 

3'74 

2-67 

of  liver  per  hour 

Qnanuty  of  It  IS  obvlous  that  our  knowledge  of  the  amount  of 
bue  BecTBt*!  bile  secreted  by  man  can  only  be  derived  from  obsena- 
by  man.  tions  in  the  very  rare  cases  in  which  a  biliary  fistula 

results  from  some  morbid  process  which,  at  the  same  time,  hinders 
the  flow  of  bile  into  the  intestine.  The  fact  that  in  the  rare  case< 
which  have  chanced  to  be  observed  by  highly-skilled  investigator 
and  which  have  been  elaborately  investigated,  the  person  observed 
has  necessarily  been  in  a  more  or  less  diseased  condition  detraotj 
somewhat  from  their  value.  In  three  sets  of  observations^  however, 
which  will  be  referred  to  below  (observations  of  Copeman  and 
Winston,  Mayo  Robson,  and  Noel  Paton)  the  general  condition 
of  the  patient  ho  nearly  approached  that  of  perfect  health  as  to 
leave  no  duubt  upon  our  mind  that  they  furnish  ua  with  a  more 
reliable  estimate  of  the  amount  of  bile  secreted  by  the  human  liver 
than  could  be  arrived  at  if  we  depended  merely  on  calculations  based 
on  the  widely  discordant  observations  made  on  the  lower  auimals^ 

'  Heidenhain  in  Hermann's  Hnndlvchy  Vol,  v.  i.  p.  253. 

3  In  addition  to  the  observations  mentioned  in  the  text  tbe  following  maj  t» 
mentioned  :— 

lit.  A  case  recorded  b;^  Dr  George  Harley  {Mfd.  Chirurg.  Transac.  1866,  p.  89}  of 
ecohinocoocua  of  the  liver  in  which  for  a  week  or  8o  clnriug  tlie  progress  of  the  m&liulj 
bile  waH  abtiont  from  the  HtooU  and  was  disehargud  from  a  fiHiulouB  opening,  toth* 
amonni  of  b«tw(^en  Iti  and  20  ozb.  |>er  diero  (qnoted,  at  seoood^hand.  tram  XoM 
Paton'B  and  Balfoar'B  paper). 

2nd.  A  case  of  Dr  Uurohison's  {Ditensfs  of  the  Livtr,  3rd  ed.,  p.  676),  in  whid)  ft 
biliary  fistula,  with  ooclnsion  of  the  common  bile  duot,  existed.  Tb«  quantity  of  bll* 
secreted  by  the  liver  in  24  boora  was  roughly  estimated  as  not  much  under  two  pint* 
(1128  O.C.),  though  the  patient  was  taking  very  little  foot). 

3rd.  A  caw  of  Wentph&len's  {DeuUcke  Arc hiv  f.  ktin.  Mtd.,  Vol.  xi.  p.  588),  in 
which  right-sided  empyema  had  existed  and  in  which  through  a  thoracic  fistaU  the 
whole  of  the  bile  was  excreted.  The  bile  in  this  case  was  elaborately  investigated  bj 
O.  Jscobson,  to  whose  results  attention  will  afterwards  be  directed.  The  couditioQi 
of  Westphalen's  case  appear  to  the  Author  to  have  been  too  abnormal  to  permit  of  fto? 
oooclusioos  as  to  the  normal  bile  secretion  in  man  being  drawn  from  it. 
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l]         quantity  of  bile  secreted  by  man.  27S 

bless  we  may  be  certain  for  reasons  to  be  subsequently  stated 
\t  seq.)  that  the  quantity  of  bile  obtained  from  a  permanent 
btuia  is  less  than  that  which  would  be  secreted  under  nurmal 

^ob-  In  the  year  1871  J.  Ranke  published  the  observa- 

k  tions    whic-h    he    had    made   on   a   patient   in    whom, 

^  the  rupture  of  a  multilocular  hydatid  cyst  of  the  liver  into 
fc  bile  was  expectorated  by  the  bronchi.  At  the  time  of 
[researches,  the  Hstula  had  existed  for  a  considerable  time. 
Ivals.  the  bile  appeared  to  be  wholly  expectorated,  as  judged 
b  fact  that  tlie  fieces  then  contained  no  bile-colouring  matter 
fame  very  rich  in  fat ;  at  other  times,  no  trace  of  bile  was 
tated,  although  a  catarrhal  bronchial  expectoration  persisted, 
in  the  faeces  became  normal.  The  caUirrlial  bronchial  ex- 
Son  was  estimated  at  135  c.c.  per  diem.  The  total  <|uantity 
land  bronchial  secretion  was  collected  and  analysed  un  five 
>  occasions,  the  whole  secretion  of  24  hours  being  obtained. 
Spg  the  average   quantity  of  bronchial  secretion    from   the 

fintity  of  mixed  fluid  collected,  Ranke  obtained  a.s  a  mean  of 
e  sets  of  observations,  630  c.c.  as  the  daily  amount  of  bile 
by  his  patient.     The   mean   of  the   total  solids  excreted 
to  20*02  grms.     Ranke's  patient  secreted  at  the  rate  of 
of  bile  and  0'44  grm.  of  bile-solids  per  kilo  of  his  body- 
diem\ 

In  1872  V.  Wittich  investigated  the  amount  of  bile 
p-  in  a  woman  who,  as  a  result  of  cholelithiasis,  had  a 
|£stula.  On  one  occasion,  during  a  period  of  four  hours, 
land  on  another  occasion  durin^r  16  hours  224  c.c.  of  bile 
Elected.  The  mean  of  these  two  observations  gives  542*8  as 
bunt  of  bile  secreted  by  this  woman  in  24  hours', 
jP*-  In    the    year    1883    Professor   Yeo   and    Mr    E.   F. 

£lT«o  Herroun  published  an  interesting  set  of  observations 
r  in  a  case  of  biliary  fistula  in  man.  The  patient  (a 
j  man  aet.  48)  had  been  admitted  into  King's  College 

,  under  the  care  of  Dr  George  Johnson,  F.R.S,  (in  a 
1  of  extreme  emaciation,  weighing  112  lbs.),  suffering  from 
b  of  six  months'  duration.  *0n  the  27th  of  February  his 
^lled  gall-bladder  was  opened  with  aseptic  precautions  by 
eph  Lister,  F.R.S.,  in  the  hope  of  removing  the  obstruction, 
iliowever,  was  found  to  depend  upon  occlusion  by  a  carcino- 
i  growth  of  the  common  bile-duct,  and  could  not  be   made 

m There  was  no  trace  of  bile  in  the  fasces 

Itiine  during  his  stay  in  the  hospital.  The  secretion  was 
id  in  sacks  of  black  caoutchouc,  which  were  kept  aseptic  by 

t Ranke,  *  Dirocte  Beiitimmang  der  iu  24  Htunden  vom  ruhenden  MenBchun 
i  Gallenmengc.'  Chapter  viii.  vt  Kauke'b   wurk,  Die  iSiutvertheilung   uad 
akeitswectutl  dtr  Onjnne^  Leiiizig,  1871- 

'itticfa,  'Zor  Phyaiologie  der  mensohlidien  Qihlle,'  Pfitlger'a  Archiv^  Vol.  vi. 
181, 
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the  dressings.  The  exclusion  of  atmospheric  germs  had  the  adv&D> 
tage  of  preventing  cystitis  and  .decomposition  of  the  bile,  and  ihe 
attending  complications  V 

The  patient  lived  two  months  after  the  operation,  and  on  eight 
separate  days  (intervening  between  March  26  and  April  5,  1883) 
(vrith  the  exception  of  quite  insignificant  losses)  the  whole  of  the 
bile  was  collected.  The  average  quantity  was  found  to  amount  io 
13'2  0Z8.  or  374'5  c.c.  in  24  hours.  The  average  percentage  of  solid 
matters  in  the  bile  was  1*3468,  so  that  the  bile-sohds  eliminated  pir 
diem  amounted  to  5*04  grms.  Both  the  quantity  of  bile  secreted  and 
the  solid  matters  which  it  contained  were,  as  it  wjill  be  at  once  seen 
on  comparison,  decidedly  less  than  the  amounts  estimated  by  Raaktf 
and  V.  Wittich.  The  condition  of  the  patient  was,  however,  so  fiir 
removed  from  the  normal  as  to  forbid  any  conclusion  as  to  the 
average  amount  of  bile  secreted  by  healthy  human  subjects  bein^ 
drawn  from  them. 

obeerrauoM  In  1889,  Copeman  and  Winston*  had  the  oppor- 

wi^toa  "'"*'*  tunity  of  investigating  a  case  of  biliary  fistula  Id  i 
woman  ait  26  (weighing  42*7 — 44*7  kilo.)  imder  the 
care  of  Dr  Bristowe  in  St  Thumas's  Hospital.  In  this  case  compleW 
occlusion  of  the  common  bile-duct  existed,  which  was  due,  as  was 
discovered  on  post-mortem  examination,  to  a  calculus  firmly 
impacted  in  the  duct  just  at  its  junction  with  the  intestine.  Od 
the  afimis.sion  of  the  patient,  the  gall-bladder  had  been  found 
distended  with  bile.  Mr  Sidney  Jones  cut  down  on  the  gall-bladder, 
stitched  it  to  the  edges  of  the  wound  and  laid  it  open,  when  about 
six  or  seven  ounces  of  a  glairy,  semi-transparent  fluid  was  evacu- 
ated, which  was  quite  free  from  biliary  colouring  matter.  A  fistula 
resulted,  through  which  the  whole  of  the  bile  secreted  was  discharged, 
as  evidenced  by  the  facts  that  the  jaundice  which  had  existed,  little 
by  little,  disappeared  and  the  urine  gave  no  bile  reaction,  whilst  the 
stools  remained  of  a  greyish  colour  and  contained  no  trace  of  bile, 
As  soon  as  the  fistula  had  bucome  established  a  glass  cannula  was 
accurately  fitted  into  it,  and  by  means  cf  an  indiarubber  tube  the 
bile  was  led  into  a  bottle  placed  on  the  floor  beneath  the  bed. 
There  was  no  loss  of  bile  into  the  dressings  and  no  trace  of  bile  in 
either  the  urine  or  fa?ces.  proving  that  the  whole  amount  of  the 
secretion  was  collected.  For  more  than  a  month  the  total  quantitj 
secreted  during  the  previous  24  hours  was  carefully  measured  dailyit 
10  p.m.;  during  the  whole  period  the  patient  was  in  excellent  beaWt 
and  her  subsequent  defith  maybe  looked  upon  as  entirely  accidentlL 
having  been  caused  by  haemorrhage,  resulting  from  an  unfortunate 
attempt  to  re-establish  forcibly  the  continuity  of  the  common  bile-dod 
From  the  observations  of  Copeman  and  Winston  it  results  thai 
the  mean  secretion  of  bile  per  24  hours  was  7796  c.c,  and  of  bile 

^  *A  note  on  the  Composition  of  Human  Bile  obtained  from  a  Fi«tnla.'  fif 
Gerald  F.  Yeo,  M.D.  and  E.  F.  Herroun,  Journal  of  Phyriology,  Vol.  ▼•  p.  116  «(  Kf 

'  Copeman,  H.  Moncktoit,  and  Wiuston,  W.  B.  *  Obflervations  on  Human  Bill)  0^ 
tained  from  a  case  of  Biliary  Fistula,' Jounta/o/Z'/iyrio/oj^,  Vol.  i.  {1889),pp.213— SSl- 
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uids  10"8  gnus.     The  specific  gravity  varied  between  1'0085  and 
f015^ 

(n»«smitloM  In   1888  and    1889   Mr  Mayo  Robson*  performed 

f  MA70  Bob-    ^  series  of  very  inipurtaiit  observations  on  a  patient  in 
I  whom    he  had  established  a  biliary  fistula.     The  ob- 

lervations  extended  over  a  period  of  many  months,  during  which  the 

aiatient  continuously  enjoyed  remarkably  good  health.  Her  weight 
flaring  this  period  was  53  kgms.  (8  stone  4J  lbs.).  Many  very 
ftborate  analyses  of  the  bile  collected  in  this  case  were  made  by 
.T  Fairley.  The  average  quantity  of  bile  secreted,  deduced  from 
JDbservations  extendmg  over  8  months,  was  30  ozs.  or  very  nearly 
B50  c.c.    during    24    hours.      Its    specific    gravity    varied    between 

StM)85  and  1*0090,  and  the  solid  matter  ami>unted  on  the  average  to 
Ul  per  cent.,  the  total  solids  excreted  being  15*3  grms.  Mr  Mayo 
JKobson  was  subsequently  able  to  tsHtablish  a  communication  between 
the  gall-bladder  and  the  small  intestine  (by  the  operation  of  chole- 
cystenterostomy),  so  that  the  bile  resumed  its  normal  course,  the 
external  fistulous  aperture  being  closed.     The  weight  of  the  patient 

lequeutly  incrcAsed  to  60  kgms.  (9  st,  6^  Iba). 

^  The  last  set  of  ohservationa  on  the  amount  of  bile 

Foci  Paton  secreted  by  the  humau  subject  have  been  carried  out 
ttd  J.  u.  Hal-  on  a  patient  in  whom  Mr  John  Duucan.  P,R.C.S.E., 
'*"''  had  established  a  biliary  tistnia,  the  case  being  one  of 

cholelithiasis  in  which  the  common  bile-duct  had  become  occluded. 
The  patient  was  a  woman  aet.  51  years  and  weighing  707  kilos. 

This  patient  differed  from  those  investigated  by  Drs  Copeman 
and  Winston  and  by  Mr  Mayo  Robson  in  so  far  that  her  condition 
»t  the  time  when  Noel  Paton  and  Balfour  were  conducting  their 
elaborate  investigations  was  in  no  sense  a  normal  OLie,  as  proved 
bj  the  abnormal  variations  in  temperature,  in  the  quantity  of 
fcod  ingested  and  of  nitrogen  excreted.  The  total  quantity  of 
bile  excreted  in  24  hours  was  found  to  amount  (in  the  average)  to 
6^  c.c;  the  specific  gravity  varied  between  1005'5  and  1008-2:  the 
Mlids  in  100  parts  amounted  to  1*31  and  the  average  total  weight  of 
the  bile-solids  excreted  in  24  hours  was  8*378  grms. 

In  this  case  Dr  Noel  Paton*  had  the  opportunity  to  renew  his 
observations  after  an  interval  of  one  year.  In  the  meantime  the 
patient  had  returned  to  her  home  and  her  health  had  been  perfectly 

*  Tbe  milhors  give  tbe  apecilic  gravity  uh  varying  betweeu  I-OO80  and  1*103;  in  the 
,takter  figure  it  ia  nhviona  that  a  0  in  tbe  first  decimal  place  has  been  omitted. 

'  A.  W.  Mayu  Kobson,  F.R.C.S.,  Hon.  Surg.  Leeds  Geu.  Inf.,  'ObBcrvationii  on 
the  Secretion  of  Bile  in  a  cane  of  Biliary  Fistula,'  Pmcftdings  of  Royal  Hoc.  Vol.  xlvii. 
(1890),  pp.  499 — 524.  Tbe  information  as  to  tbe  weight  of  the  patient  was  inadvertently 
Omitted  in  this  paper,  bat  ha8  been  privately  ooTDtnnnicated  to  the  Author  by  Mr  Mayo 
hobfion. 

»  D.  No«l  I'aton,  M.D.,  F.R.C.P.Ed..  aud  John  M.  Balfour.  M.B.,  CM.  'On  the 
CompoHition,  Flow,  and  PbyBiological  Action  of  the  Bile  in  Man.'  Beprinted  &om 
Vol.  iiL  of  Laboratory  Rrporit  iBi»ued  by  the  Boval  College  uf  Phvsicians,  Edinburgh, 
IWl,  pp.  191—2-40. 

*  D.  Nodi  Paton,  'Further  Observations  on  the  CompoBition  and  Flow  of  the  Bile 
In  Man'  jl892).  Beprinted  from  Vol.  iv.  of  Laboratory  Rtpixrt$  issued  by  tbe  lioyal 
College  of  PhyaieiaDB,  Edinburgh. 
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re-establifihed.  in  spite  of  the  fact  that  the  fistula  had  rem&JiiMf 
opeu,  ao  drop  of  bile  entering  the  intestine.  The  quantity  of  biJe 
secreted  (mean  of  two  days'  observations)  was  found  to  be  590  cc^, 
containing  2*3  per  cent,  of  solids,  the  total  bile-aolids  excreted  dmifl 
24  hours  amountiug  to  IH'G  grms.  per  24  hours.  ■ 

This  second  set  of  obserA'ations  (in  spite  of  its  being  limitejfl 
two  days)  appears  to  the  Author  to  possess  much  greater  viH 
than  the  first,  inasmuch  as  the  subject  under  investigation  wafiifl 
state  of  robust  general  health.  In  this  respect  these  later  obserfl 
tions  can  be  compared  with  those  of  Copeman  and  Winston  anjfl 
Mayo  Robson,  the  three  sets  possessing  an  importance  which  canH 
be  attached  to  any  of  those  previously  recorded.  ■ 

- „^.™  In  the  annexed  table  (p,  277)  the  results  of  the  a 

of  the  resuiu  servatious  already  referred  to  can  be  seen  at  a  giAQfl 
of  the  Mverai  Those  marked  with  an  asterisk  appear  to  the  Autborfl 
obBerven  pre-  be  of  paramount  imp<>rtance,  inasmuch  as  they  reM 
Tiouair  refer-  ^^  individuals  in  a  satisfactory  sUte  of  health.  Itfl 
unfortunate  that  in  two  of  the  coses  which  were  ■ 
other  respects  admirably  investigated  the  weight  of  the  patient  <■ 
not  ascertained  with  as  great  accuracy  as  the  other  data  notofl 
From  these  cases  we  may  conclude  that  the  amount  of  bile  secrew 
by  the  healthy  human  subject  (when  reabsorption  of  bile  from  fl 
intestine  cannot  take  place)  varies  between  a  pint  and  a  pint  andfl 
half  per  day,  whilst  the  solids  excreted  in  24  hours  amount  jl 
between  3'5  drachms  to  half  an  ounce.  ■ 

Influence  of  Abstinence  on  tJie  Flow  of  Bile  and  Variation  in  tU 
Amount  daring  the  period  of  Digestion.  ^ 

Although,  as  has  already  been  stated,  the  flow  of  bite  is  ofll 
tinuous,  the  majority  of  observations  point  to  the  feet  that  during 
prolonged  abstinence  the  secretion  diminishes  very  greatly  in  qimr>- 
tity ;  the  observations  of  Hoppe-Seyler'  have  shewn  that  in  llw 
condition  the  mineral  matters  of  the  bile  are  remarkably  diminisfaeii,  i 
ID  correspondence,  probably,  with  the  greatly  diminished  secwtifJi  j 
of  water  by  the  liver. 

According  to  Kiihne*  and  Hoppe-Seylcr,  the  secretion  of  bil*  | 
increases  immediately  after  a  meal,  and  the  increase  is  maintained  for 
about  an  hour.  There  is  then  a  certain  diminution  of  rate,  and  iti» 
only  after  a  considerable  interval  that  the  increased  flow  again  see 
in.  The  statements  of  various  observers  ditFer  materially  as  to  the 
time  when  this  increase  sets  in.  There  is  considerable  evidence,  ho^ 
ever,  in  favour  of  the  view  that  the  flow  of  bile  is  particularlT 
abundant  during  the  3rd  and  5th  hours  of  digestion  (Voit,  Kbl 

^  Copeman  &cd  Winston  state  that  tbe  weight  of  their  patient  which  wasftt 
42-7  increrised  to  44  7. 

Noel  TatoD  jit&ie>t  in  his  account  of  his  second  set  of  observatiooB  that  the 
*iB  fat  and  mn»t  weigh  eleven  or  twelve  BtODc/    The  meui  of  these  estimate* 
taken ;  it  is  probably  very  near  the  truth,  as  the  patient's  weight  a  yeax  prerieiu 
list  Hlba.  (70-6  kilos.). 

*  HopiK'-Soyler,  Phytioloffiseke  Cttemie^  Berlin,  1878*  p.  308. 

*  Kiihite,  Lehrbuch,  p.  71. 
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and  MuUer,  and  Hoppe-Seyler).  It  would  also  appear  that  a  second 
increase  in  the  rate  of  secretion  occurs  at  a  later  period ;  here,  again, 
the  statements  of  observers  differ  greatly.  The  only  thorough  set  of 
observatiuns  on  this  matter  were  made  by  Hoppe-Seyler'  in  the 
case  of  a  dog  with  permanent  biliary  fistula ;  the  bile  was  col- 
lected and  weighed  at  frequent  intervals  (every  half-hour,  with 
occasional  breaks),  and  the  amount  of  its  various  constituents  de- 
termined, by  the  most  accurate  methods,  in  each  sample.  These 
observations  possess  such  unique  value  that  the  Author  has  ex- 
hibited the  results,  so  far  as  the  total  quantity  of  bile  and  the 
amount  of  sodium  taurocholate  are  concerned,  in  the  curves  shewn 
in  Fig.  17  (p.  279). 

Ivjluence  of  the  Nature  of  the  Diet  on  tJie  Secretion  of  Bile. 

All  that  is  accurately  known  on  this  subject  may  be  summed  up 
in  a  ftiw  words.  It  would  appear  that  the  flow  of  bile  is  aornewhat 
influenced  by  the  character  of  the  diet,  being  most  abundant  when 
animals  are  fed  on  meat  mixed  with  fat,  somewhat  less  when  fed  on 
meat  without  fat,  and  diminishing  materially  if  the  amount  of  fat  be 
excessive  (Kilhne).  But  little,  if  any,  in>portance  can  be  attached  to 
the  conclusions  arrived  at  on  this  matter  by  Bidder  and  Schmidt, 
who  fed  cats  on  particular  diets  for  some  days  before  establishing 
temporary  fistuloe  and,  from  the  amount  of  the  bile  and  bile-solids 
secreted,  venturoil  to  formulate  L(jnclusions  as  to  the  influence  of 
variations  in  diet  on  the  biliary  secretion. 

Influence  of  the  Absorption  of  Bile  from  the  Inte^ine  on  ike 
quaniiti/  of  Bile  secreted. 

All  observers  who  have  established  temporary  biliary  ftstulae  have 
remarked  that  the  quantities  of  bile  secreted  sink  very  materially 
after  the  operation,  arid  Bi'liier  and  Schmidt  observed  that  the  soUd 
constituents  of  the  bile  diminished  even  more  than  the  total  quan- 
tities of  bile;  in  other  words,  that  during  the  successive  hours  ful 
lowing  the  establishment  of*  temporary  biliary  fistulce  the  bile  became 
gnuiually  less  abundant,  and  more  watery. 

In  1868,  Schiff'-*  pointed  out  that  the  quantity  of  bile  secreted  by 
dogs  with  biliary  fistulfp  diminished  when  the  bile  was  withdrawn 
entirely  from  the  alimentary  canal,  whilst  it  increased  within  \i 
minutes  or  a  quarter  of  au  hour,  when  the  bile  was  allowed  again 
to  flow  into  the  intestine. 

Schiff  afterwards*  employed  two  methods  of  investigation.  In 
the  first  he  established  a  permanent  biliary  fistula  by  the  inetho< 
described   at    page   267,   the  common   bile   duct   being,    as    usual 

'  Hoppcj-Seyler,  PHysiologiscJu  Chemie,  p.  808. 

*  Schiff,  OiornaU  di  $cieiize  tiahirali  ed  tconomiehe,  Palermo,  Vol.  rv.  (1868) 
qnoled  by  Schiff  in  hia  paper  in  PflUger's  Archiv,  Vol.  in.  (1870).  p.  598, 

'  ScMff.  '  Berioht  iiber  einiKe  Versuchareihen  angestellt  in  phjsiol.  Laboratoriunx 
des  Instituta  zn  Florenz.  I.  UaUcnhildang.  abhiingig  tod  dor  Aafaaugung  dex  GaUen 
stoffe,'  PflUger'a  Arckiv,  Vol.  m.  (1870,  pp.  59fl— 613). 
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ligatured.  In  these  cases,  however,  he  established,  in  addition,  % 
diuMlenal  fistula.  Having,  in  the  first  iuatauce,  observed  a  rapid 
diminution  of  the  quantity  of  bile  flowing  from  the  fistula,  he 
injected  into  the  duodenum  the  bile  which  had  been  secreted  by  the 
animal  during  tlic  previous  hour  or  two  hours.  After  10,  but  more 
obviously  after  I'l,  niiuutcs  the  quantity  of  bile  obtained  perjistulim 
increased  and  continued  to  increase  during  2,  3,  5  or  more  successive 
periods  of  10  minutes,  according  to  the  quantity  of  bile  injected. 

For  the  second  sericB  of  experiments,  Schiff  established  his  so- 
called  amphibulic  biliary  fistulsB  (see  page  268).  As  has  been  alroidj 
stated,  such  fistulse,  according  to  Schiff,  enable  the  experimenter,  t^ 
will,  to  divert  the  whole  quantity  of  bile  from  the  alimentary  auul 
and  at  any  time  to  turn  it  again  into  its  proper  channel.  Schif 
found  that  the  quantity  of  bile  nbtuiue<l  in  a  given  period  from  sud 
fisLulte  was  alway.s  much  greater  immediately  after  the  bile  had  bMl 
allowed  to  pass  normally  into  the  intestine  than  when  it  had  beei 
flowing  externally.  Furtlier,  Schiff  found  that  the  introduction  c 
solutions  of  bile-salts  into  the  intestine  through  a  duodenal  fiatuh 
caused  an  increase  both  in  the  total  quantity  of  bile  and  of  the  bile 
solids  secreted.  Upon  these  facts,  Schiff  based  a  theory  that  a  circa 
lation  of  bile  occurs  (' Kret-slauf  der  Galle') :  that  a  portion  of  th' 
secretion  absorbed  from  the  intestine  on  reaching  the  liver  in  lli 
portal  blood  furnishes  the  organ  with  a  part  of  the  material  for  tb 
secretion  of  fresh  bile.  Further,  finding  that  the  increase  of  bil 
secreted  followed  the  introduction  of  bile  into  the  intestine  when  tb 
portal  vein  had  been  obliterated  by  the  method  devised  by  Ore  c 
Bordeaux  S  Schiff  concluded  that  the  liver  was  able  not  only  t 
utilise,  for  the  purposes  of  bile- formation,  the  biliary  constituent 
which  reached  it  in  the  portal  blood,  but  also  those  present  in  lb 
blood  of  the  system. 

The  results  of  numerous  observers  substantially  established  ti 
accuracy  of  the  facts  recorded  by  Schiff.  Thus  Rutherford  »B 
Vignal'  observed  that  when  bile  was  injected  into  the  intestine  tl 
secretion  of  bile  was  increased.  Tarchauoff'  after  the  injection 
bilirubin  into  the  blood  of  a  dog  with  biliary  fistula,  found  that  t! 
bile  pigment  was  increased  in  the  bile,  and  his  observations  receiv 
full  confirniution  from  the  researches  of  Vossius\  who  determined  I 
bile  colouring  matters  by  the  method  of  spectro-photometr}'.  Rose 
kranz  in  a  research  conducted  under  the  direction  of  Kunkel  intl 

1  Or^'s  method  of  obliterating  the  portal  vein  coufiists  in  plaoing  ft  liKatar^,  ^ 
loop,  around  the  vpin,  then  cloHing  the  abdominal  wound,  taking  care  that  the  e: 
of  the  loop  project  through  it.  By  uxcriiniJ  traction  on  these  enda,  phlebitia  is  set 
which,  in  favourable  casea,  leads  to  ocolusion  uf  tlie  veLn. 

*  Rutherford  and  Vignal,  Journal  of  Anatomy  and  Phy8ioloffy»  Vol.  x.  1676,  I 
XI.  1877. 

3  Tarchanoff,  'Znr  Kenntmas  der  Oa]leDfarbato£rbiIdung,'  Pfliiger'B  Archivt  Vol. 
(1874),  p.  32U. 

*  VossiuB.    '  Bestimmuugen  des  Gallenfarbfltoffea  in  der  Galle/   Archiv  /.r 
Pathol.,  Vol.  XI.  (1879),  pp.  42G— 454. 
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duced  bile  into  the  stomach  of  dogs  and  found  that  the  quantity 
secreted  began  to  increase  in  the  course  of  half-au-hour,  attaining  its 
maximum  in  from  three  to  four  hours  and  then  gradually  sinking*. 

Heidenhftin'  commenting  upon  these  results  ai^ed,  with  perfeci 
jastice,  that,  by  themselves,  they  were  not  autticient  to  prove  that 
the  substances  conveyed  to  the  liver  in  the  portal  blood  actually 
pftSBed  into  the  secretion,  for  they  might  merely  act  Ijy  exciting  the 
secreting  elements  of  the  gland  to  increased  activity.  Socoloflf 
bad.  indeed,  endeavoured  to  determine  whether  absorbed  bile  acids 
are  excreted  in  the  bile,  by  injecting  sodium  of  glykocholate  into 
the  stomach  and  into  the  blood  of  dogs.  As  the  bile  of  the  dog 
Qormally  contains  no  salt  of  glykocholic  acid,  its  appearance  in  the 
secnition  would  have  established  conclusively  the  truth  of  Schiffs 
hypothesis.  Socoloff  found,  however,  tliat  under  these  uircumstaaces 
DO  glykocholic  acid  was  excreted.  Admitting  the  accuracy  of  Soco- 
loffs  observations,  which  have  however  since  been  contradicted  by 
Provost  and  Binet*,  they  do  not  in  any  respect  disprove  the  hypothesis 
of  Schiif,  for  it  is  conceivable,  nay  probable,  that  the  glykocholic 
may  be  split  up  into  glycocine  and  cholalic  acid  and  that  the  latter 
oay  be  utilised  by  the  liver  in  the  synthesis  of  taurocholic  acid,  the 
normal  bile  acid  of  the  dog. 

Tertbai-  A   new   and   very   beautiful   series    of   researches 

■■'iw-  have  now  placed  beyond  the  possibility  of  doubt  that 

"''*'"■■  Schiff*s    theory  is  absolutely  correct  in  so  far  as  the 

colouring  matters  of  the  bile  are  concerned*  Taken  in  connection 
with  the  increase  of  bile  and  bile-solids,  observed  by  the  majority 
of  observers,  when  bile  is  introduced  into  the  portal  system  or  into 
the  general  circulation,  these  experiments  render  it  probable  that 
what  has  been  proved  to  be  true  in  the  case  of  the  colouring 
niatters  likewise  holds  good  for  bile  acids. 

The  idea  which  was  the  foundation  of  the  conclusive  experiments 
about  to  be  referred  to  was  to  introduce  into  the  blood  of  one 
ftnimal  the  bile  of  another  of  different  species,  and  uf  which  the 
colouring  matters  are  peculiar,  uud  to  uhnerve  whether  the  foreign 
wle  colouring  matters  which  have  been  introduced  into  the  blood 
We  excreted  in  the  bile.  The  first  experiments  of  this  kind  were 
ttade  by  Baldi',  under  Luciani's  direction,  in  the  Physiological 
^Aboratury  of  Florence.  Ealdi  injected  ox-bile  into  the  veins  of 
dogs  with  permanent  biliary  fistulas  and  observed,  in  general,  an 
^niost  immediate  increase  in  the  quantity  of  bile  secreted,  the 
increase   continuing  for   some  hours;   moreover,  the   colour  of  the 

'  Bosenkraoz,  *  Ueber  das  Schicksal  and  die  Bedentting  eioiger  Qallenbeatand- 
^ile,'   Veriumdlungen  tier  phytioL-nud,  GeselUch.  in  Wiiizburg,  Vol.  xm.  (1879),  pp. 

'  Heidenbain.  'GallenabsonderuDg,'  Henoftun'a  Handbuch,  Vol.  t.  i.  p.  259. 
'  Socoloff,  '  Ein  Bcitrag  zur  Kcnntnifia  dor  Lcbereooretion,'  Pflugcr'a  Arckiv,  Vol. 
O.  (1875).  p.  166, 

*  Pr^TOftt  and  Binet,  CompUs  Rendus,  Tnl.  106  (1888),  pp.  16JH). 

*  D.  Baldl,  *  Recherches  expSruoentales  sar  la  marche  de  la  seordtioa  bUiaire/ 
o^nskk  de  rantenr.    Archiva  Itatietmes  de  Biologie,  Vol.  m.  (1843),  pp.  389— i}»7. 
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bile  obtained  from  the  fistula  assuTned  tfte  greeii  tint  lokich  w 
chanictenstic  of  that  of  the  ox.  Baldi's  observations,  taken  in 
connection  with  the  results  of  Tarchanoff  and  of  Vosaius,  were 
Bufficient  to  cHtabliBh  a  presumption  in  favour  of  the  view  that  the 
bile  colouring  matter  of  the  ox  when  introduced  into  the  blood  of 
the  dog  is  seized  by  the  liver,  which  excretes  it  unaltered  in  the 
bile.  But  though  rendering  this  view  probable,  Baidi's  experimenta , 
afforded  no  strict  scientific  proof.  Stadejmann*  has  shewn  tliat  wheo'] 
solutions  containing  0'6  or  O.S  per  cent,  of  common  salt  are  iutro- 
duced  into  the  blood  of  the  dog,  the  quantity  of  bile  is  diminished 
and  it  becomes  distinctly  green.  The  green  tint  noticed  by  Btldi 
might,  therefore,  after  all,  not  be  due  to  the  passage  into  the  bile 
of  the  green  colounn»^  matter  of  the  bile  of  the  ox. 

It  is  to  the  researches  of  Professor  Wertheimer  of  Lille  that  we 
owe  the  absolute  and  conclusive  proof  that  when  foreign  bile  colnur- 
ing  matters  are  introduced  into  the  portal  blood  or  into  the  general 
circulation  of  the  tlog,  they  are  excreted  unchanged  by  the  liver. 

MacMunn*  has  described  as  a  characteristic  colouring  matter  iu 
the  bile  of  the  sheep  and  ox,  a  body  to  which  he  had  given  tlie 
name  of  cholohfematio,  and  which  is  characterised  by  the  presence 
in  its  specLruiu  i>f  four  abnorptiou  bands,  of  which  one  which  is  ptf- 
ticularty  well  markfd  is  situated  between  D  and  C.  a  second  whiA 
is  much  less  distinct  between  C  and  D,  quite  close  to  i),  and  two 
between  D  and  B,     (See  Plate  II.  Spect.  I.) 

Having  in  conjunction  with  Meyer'  confirmed  the  oUservatious  of 
MacMunu  on  the  spectrum  of  cholohaimatin,  and  ascertained  thftt     I 
fresh  bile  of  the  dog,  obtained  from  the  gall-bladder,  exhibits  do     | 
definite  absorption  bauds,  Wertheimer*  e.stablished  temporary  biliary 
fistulas  in  dogs,  and  after  detcniiiniiig  that   the   bile   flowing  fron^ 
the  fistula  exhibited  no  absorption   bands,  slowly  injected  varjuDg 
quantities  of  sheep's  bile  into  one  of  the  femoral  veins.     Within  * 
quarter  of  an  hour  from  the  comtrieucemeut  of  the  injection  of  bil*' 
into  the  circulation,  the  bile  tlowiug  from  the  fistula  exhibited  in   • 
characteristic    manner    the    spectrum   of   choloha;matin,    whilst     ^-^ 
acquired  a  greenish  hue.     In  his  experiments  Wertheimer  observe* 
a   large   increase   in   the   flow   of  bile  as  a  constant  result  of  tl^^ 
injection  of  bile  into  the  circulation.     To  his  results  reference  wi-* 
be   again    made    in   discussiug    the    processes   of  absorption   in 
intestine. 
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>  atttdelmann,  Archiv /.  fxptrim.  PatholOffie,  Vol.  xv,  (1S89),  p.  8S7. 

'  MacMunn,  '  Spectrosooi)©  in  Medicine/  Lond.  1880:   Proceedingn  of  ike 
Society,  Vol.  xxn.  (18801,  p.  26:  Proceedingt  of  the  Rcyal  Society,  18«8:  *  Obwnr^ 
tiima  on  some  of  the  Ciilonring  Matters  of  Bile  and  Trine,  with  eHpeoial  referonce  ^^ 
their  oriKiu,  Ac'  Journal  uf  Pht/nioluiiiJ,  Vol.  x:.  (18S4 — 85),  pp.  22 — 39.  ^^ 

'  M.  £.  Wertheimer  et  E.  Meyer,  '  I)e  I'appariLion  do  roxyh^moglobine  dans  U  bi^^ 
ot  de  qufelques  caract^ree  Bpeotroflcopiques  nonnaux  de  ce  liquide,'  Arehivet  dt  Phjf$i^^ 
logie  nonnalf  et  pathologique,  Juillet,  1889,  pp.  -138 — 448.  ^^ 

*  M.  K.  Wertheimer,  *  Expdrienoes  montrant  que  le  foie  rejette  la  bile  inkrodoi^ 
dana  1«  sang,'  Arehivet  tU  PhtjiioUtgie,  No.  4,  Oot.  1891.  pp.  72-4—784. 


CBAP.  IV.]     INFLUENCE  OF  BLOOD-SUPPLY  ON  SECRETION  OF  BILK. 

The  oWrvatioQB  of  the  Aotfaor,  with  which  indepeudent  unpublished 
observations  of  Wortheimer  concord,  have  shewn  that  cholohieniatin  docs  not 
eriAt  prefornif»<l  in  the  bile  of  the  ox  or  sheep  at  the  utoiuetit  of  death,  but 
that  the  four-bandc>d  body  is  rapidly  formed  by  the  oxidation  of  a  chromo- 
gen  existing  in  the  bile  when  the  liquid  comes  in  contact  with  air.  The 
discovery  of  this  fact  does  not,  however,  in  the  least  detract  Irom  the 
scientific  value  of  Wertheimer's  observations. 

The  Tnjiuence  of  the  Blood-supply  on  the  Secretion  of  Bile, 
Does  the  Uvw  The  blood-siipply  of  the  liver  will  be  discussed  in 

fr^mrnatei^  detail,  in  Book  HI.,  in  connection  with  the  general 
conveyed  to  It  prot^eases  whicJi  have  their  scat  in  that  organ,  and  the 
brtue  t)ioodof  secretion  of  the  bile  will  again  be  considered  in  relation 
the  portal  vein  to  these  processes.  In  this  place  it  seems,  however, 
oroftneaepatio  expedient  to  refer  to  a  question  which  has  prompted 
"^^  many  researches  and  given  rise  to  endless  discu.ssinn, 

the  question,  namely,  aa  to  whether  the  liver  Secretes  bile  at  the 
expense  of  the  blood  conveyed  to  it  by  the  portal  vein  or  by  the 
hepatic  artery. 

If  the  view  which  has  been  expressed  at  the  commencement  of 
this  chapter  be  correct,  that  the  bUe  is  to  be  looked  upon  as  a 
comparatively  insignificant  by-product  resulting  from  the  extremely 
complex  and  diverse  chemical  operations  which  have  their  seat  in  the 
liver,  then  the  hypothesis  that  bile  is  uormaliy  formed  at  the  expense 
of  the  blood  of  the  hepatic  artery  would  appear  most  improbable. 
The  relations  of  the  liver  to  the  portal  vein,  and  through  it  to 
the  organs  of  digestion  :  the  large  quantity  of  blood  which  reaches 
the  liver  through  the  portal  vein,  especially  during  the  period  of 
high  digestive  activity :  the  exceptional  manner  in*  which  the  portal 
vein,  after  the  manner  of  an  artery,  splits  up  into  capillaries :  besides 
many  otlier  anatomical  and  physiological  considerations,  afiford 
irresistible  arguments  in  favour  of  the  view  that  the  liver,  which 
takes  its  origin  aa  a  mass  of  glandular  cells  in  close  connection  with 
the  mid-gut  and  which  is  placed  in  the  path  of  the  blood  returning 
from  the  organs  of  digestion,  carries  on  its  chief  operations  mainly  at 
the  expense,  and  with  the  help,  of  the  materials  which  the  portal 
blood  conveys  to  it. 

Yet  certain  well-ascertained  observations  render  it  certain  that 
if,  through  abnormal  circumstances,  the  flow  of  blood  through  the 
portal  vein  be  interrupted,  the  secretion  of  bile  may  continue,  before 
the  circulation  of  portal  blood  by  means  of  collateral  channels  can 
possibly  have  been  established.  There  can  be  no  doubt  that  the 
principal  part  played  by  the  hepatic  artery  and  its  branches  is  to 
supply  blood  to  the  connective  tissue  framework  of  the  liver,  to 
feupply  the  gall-bladder  and  the  hepatic  ducts,  and  even  to  furnish 
the  interlobular  branches  of  the  portal  vein,  with  their  vasa  vanontm. 
In  the  liver,  however,  as  in  almost  every  organ,  an  anastomotic  con- 
nection exists  between  the  various  vessels  which  supply  it ;  and  thus 
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blood  from  the  hepatic  artery  penetrates  into  the  intralobular  capil- 
lary network  and,  uuder  abnormal  circumstances,  may  keep  up  tk 
blood-supply  of  the  lobule  so  ais  to  enable  the  creature  to  tide  over 
the  period  wbich  interv^eties  until  the  circulation  through  the  inter- 
lobular branches  of  the  portal  vein  is  re-established.  That  the  secre- 
tion of  bile  can  go  ou  for  a  time  when  the  portal  vein  alone  supplies 
blooil  to  the  liver  has  been  shewn  by  the  observations  of  a  number 
of  observers  (Schifif\  Von  Asp*,  Wertheimer*),  though  an  occlusion 
of  branches  of  the  hepatic  artery  rapidly  leads  to  localised  necrtBt* 
of  the  liver  substance  (Cohnheim  u.  Litten*),  through  the  cutting  off 
of  tbe  nutritive  supply  to  vessels,  ducts,  and  connective  tissues. 

Some  of  the  facts  which  prove  that,  when  the  portal  vein 
ccchided,  the  secretion  of  bile  proceeds  at  the  expense  of  the  blood 
of  tlie  hepatic  artery,  must  now  be  briefly  reviewed.  In  the  6r5l 
instance,  cases  wtre  observed,  in  the  human  subject,  in  which  the 
portal  vein  opened  into  the  vena  cava  inferior  below  the  liver,  ami 
yet  the  secretion  of  bile  did  not  appear  to  be  interfered  with 
(Abernethy*,  Lawrence").  In  Abernethy's  case,  the  hepatic  arteiy 
was  found  to  be  greatly  dilated.  Tn  these  cases,  as  the  investigations 
of  Kiernan'  revealed,  the  lobules  were  supplied  with  venous  blood 
through  collateral  channels  and  it  cannot,  therefore,  be  held  that 
they  offered  substantial  evidence  in  favour  of  the  view  that,  tht* 
hepatic  artery  is  able,  unaided,  to  provide  the  materials  for  tbe 
secretion  of  bile. 

Another  class  of  cases  includes  those  (of  which  a  large  numbef 
have  been  observed  in  the  human  subject)  in  which,  through  an 
inflammatory  process^  the  portal  vein  has  been  occlused  by  a  thrtim- 
bus,  fis  well  an  tliofie  in  which  the  portal  vein  has  been  expen- 
mentally  occluded  by  the  method  of  Ore.  In  the  latter  cases,  u 
Schirt**  has  found,  a  collateral  circulation,  enabling  portal  bloo<i  W 
reach  the  interlobular  portal  veins,  soon  becomes  established.  For 
a  time,  however,  the  direct  access  of  portal  blood  to  the  liver  is  cat 
off  and  yet  the  secretion  of  bile  continues.  The  most  intei-estiug  of 
all  experiments  bearing  indirectly  on  this  question  are  those  receutiy 
performed  in  St  Fetersburgh,  and  to  which  reference  will  be  made, 
at  greater  length,  in  a  subsequent  chapter.  In  these  the  porul 
vein  was  ligutured  and,  at  the  same  time,  a  fistulous  aperture  ww 
established  between  tbe  portal  vein  and  the  inferior  vena  ct«. 
About   one-third  of  all   the  dogs  subjected  to  this  most  difficult 

•  Schiff,  op.  cit.,  Pfliiger'8  Arckiv,  Vol.  ni.  (1870),  p.  598. 

'  V.  Anp,  *Ziu-  Analomie  and  Fh^aiologie  der  I^ber,*  Ladwig^s  Arbeiun^  1879> 
p.  124  el  »eq. 

'  M.  E.  Werlheimer,  •  Hur  la  circulfttion  intero-hfipatiqae  de  la  bile,'  Arekirfti^ 
PhysiohaU,  No.  3,  Juillet,  lsy2.  pp.  677—587. 

•  Cohnheim  ii.  Litten,  Virchow's  JrcAiu,  Vol.  Lxvii.  (1876).  p.  1.S3. 

•  Abernethy,  Phiiotopkieal  TraiuactionA,  1793,  p.  Gl. 

•  Lawrence,  3/rrf.  (;Ai>.  TrantactiQtu,  Vol.  ii.  (1814J,  p.  174. 
'  Kiernan,  PhiloBophical  Traiuiutiont,  1883,  ii.  p.  768. 

•  8chi£f,  ScInceiU:  ZeittchriftJ.  HeilkuntU,  I.  p.  1  (quoted  by  Ueic 
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Operation  recovered  from  its  immediate  effecta  A  series  of  nervous 
svniptoms  manifested  themselves  which  were  unquestionably  due  to  a 
oonstituent  (carbamic  acid)  of  the  portal  blood  -which  is  normally 
irrested  and  transformed  by  the  liver,  finding  its  way  into  the  general 
circulation.  There  was  no  evidence,  however,  of  an  arrest  of  the  flow 
uf  bile,  during  the  time  when  the  portal  blood  was  cut  off,  and  before 
A  collateral  circulation  of  portal  blood  to  the  liver  was  established  *. 

The  conclusion  which,  it  appears  to  the  Author,  can  be  legiti- 
mately deduced  from  the  facts  cited  is^tJiat  in  cases  of  occlusion  ofth0\ 
fvrUd  vein,  the  hepatic  artery  is  able  to  supply  the  liver  with  sufficient 
mod  to  permit  of  its  usual  uperations  heiiig  perfor^med,  though  in  an 
impaired  viannej%  aiid  consequently  the  secretioii  of  bile  (which  is  not  a 
fiinction  per  se,  but  rather  a  resultant  of  all  the  chemical  processes  of 
the  organ)  is  not  arrested.  It  must  not  be  forgotten,  however,  that 
m  these  exceptional  cases  the  hepatic  artery  carries  to  the  liver 
blood  which  ditfera  greatly  from  that  which  it  usually  conveys,  inas- 
much as  the  blood  of  the  general  circulation  contains  an  unusual 
proportion  of  materials  which  have  more  or  Jess  directly  reached  it 
frfjrri  the  portal  area. 
chznsBB   In  '  The  supply  of  blood  for  the  liver  is  mainly  that 

uiointho    through  the  vena  portae;  and  this  supply  is  not,  like 
an  arterial  supply,  a  fairly  uniform  one,  modified  chiefly 
by  the  vaso-motor  wants  of  the  organ  itself,  but  is  de- 
pendt-'ut  on  what  happens  to   be  taking  place  in  the 
ftliinentary  canal  and  abduminal  organs  other  than  the  liver  itself. 

*When  no  food  is  being  digested  and  the  alimentary  canal  is 
Wrest,  the  vessels  of  that  canal  are,  like  those  of  the  stomach,  pan- 
creas and  salivary  glands,  in  a  state  of  tonic  constriction ;  a  relatively 
Httall  quantity  of  blood  passes  through  them ;  hence  the  flow  through 
the  veua  portae  is  relativel}'  inconsiderable ;  and  the  pressure  in  that 
vessel  is  low.  When  digestion  is  going  on  all  the  minute  arteries  of 
the  stomach,  intestines,  spleen  and  pancreas  are  dilated,  and  general 
exterior  pressure  being  by  some  means  or  other  maintained,  a  rela- 
tively large  quantity  of  blood  rushes  into  the  vena  portte  aud  the 
pressure  m  that  vesael  becomes  much  increased,  though  of  course 
necessarily  lower  than  the  general  arterial  pressure.  Moreover 
during  digestion,  peristaltic  movements  of  the  muscular  coats  of  the 
alimentary  canal  are  active  ;  and  these  movements,  serving  as  aids 
to  the  circulation,  help  to  increase  the  portal  flow.  Further,  the 
spleen  is  in  many  animals  richly  provided  with  plain  muscular  fibres, 
and  in  these  cases  seems,  especially  during  digestion,  to  act  as  a 
Diuscular  pump  driving  the  blood  onwards,  with  increased  vigour, 
along  the  splenic  veins  to  the  liver.  So  that  even  were  the  liver  not 
connected  with  the  central  nervous  system  by  a  single  nervous  tie, 

'  *IiA  Piatule  d*Eck  dc  la  veine  cave  inf^'rieurti  et  Ae  la  veine  porte  et  ses  codb6- 
lOencea  poor  rorgftnisme.  Par  MM,  lea  Dfh  M.  Pluhu,  V.  Mae&en.  M.  Ncncki  et 
•'•  I'fewtow.  {Travail  ties  laboratoirea  <\e  M.  Nenoki  et  de  M.  I'ttwlow.)'  Archives  lUs 
SnmcM  Biologique*  pMhlHes  par  I'Inttitut  Imperial  dc  Mfdtcine  Experimental  H 
St'Petmbourg.     Tome  x.  (1892),  no.  4,  pp.  401—496.  ■ 
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the  tide  of  blcK>d  through  the  liver  would  ebb  and  flow  according 
the  absence  or  presence  of  food  in  the  alimentary  cauaP.' 

That  the  increase   in  the  pressure  of  blood  in  the   portal  ti 
would   ipso  facto   lead   to  increase   in    the   secretion   of  bile, 
respondiug  doubtless  to  a  general  increase  in  all  the  activities  of 
liver,  appears  to  be  proved  by  a  variety  of  facts.     Tlius  wheu 
general  arterial  pressure  is  very  greatly  lowered  by  blood-letting 
tiow  of  bile  is  diminished^  though  Ueidenhain's  own  exporimei 
shew  that,  an  a  re-sult  of  haemorrhage,  the  pressure  in  the 
may  fail  to  uiie-half  its  initial  value  without  a  change  in  the  nUe  ot 
the  fiow  of  bile  beiug  uoticeable'. 

Section  of  the  spina!  cord  in  the  cervical  region  leads  to  a  great 
fall  in  the  amount  of  the  bile  secreted,  which  is  concomitant  with  the 
general  fall  of  pressure  throughout  the  vascular  syBtera.  Stimulatitm 
of  the  spinal  cord,  whether  direct  or  reliexly  induced  by  stimulRtiun 
of  sensory  nerves,  leads  to  a  diminished  tiow  of  bile  by  the  contrac- 
tion which  it  occasions  in  the  vascular  areas  which  receive  their 
nervous  supply  through  the  splanchnic  nerves,  and  of  which  a  conse- 
quence is  a  diminished  flow  of  blood  through  the  portal  vein 
(Licbtheim*,  Heidenhain*).  Section  of  the  splanchnic  nerves,  which 
is  followed  by  a  dilatation  of  all  the  arteries  which  furnish  the 
blood  to  the  radicles  of  the  portal  vein,  leads  to  an  increase  in  the 
flow  of  bile  (HeideuLain).  On  the  other  hand,  stimulation  of  the 
splanchnic  nerves  by  causing  a  constriction  of  the  aiteries^  and  a  cou- 
sequent  slowing  of  the  portal  stream,  is  followed  by  a  diminution  io 
the  flow  of  bile  (Munk"). 

The  stimulation  of  various  nerves  has  thus  an  influence  on  the 
secretion  of  bile:  this  influence  is,  however,  only  an  indirect  one, 
through  the  variations  which  the  stimulation  occasions  in  the  flow  of 
blood  through  the  liver.  No  evidence  exists  which  point-s  to  the 
existence  of  any  nervous  apparatus,  local  or  central,  directly  coDtwA* 
ling  the  secretion  of  bile. 


The  Pressure  under  which  the  Bile  is  secreted. 


I  In  the  case  of  the  saliva,  reference  was  made  to  the  fact  that 
it  may  be  secreted  though  the  pressure  exerted  by  the  secreted  fluid 
is  considerably  higher  than  that  of  the  blot)d  circulating  through  ihc 
arteries  which  supply  the  gland — a  fact  which  conclusively  pru 
that  the  secretion  is  not  an  act  of  filtration.  The  secretion  of  i 
bile  takes  place  under  a  pressure  which,  compared  with  that  of  the 


>  M.  Foster,  A  Text-Book  of  Phyaiology.     Fifth  ed.  Part  n.  (1880),  p.  4S6. 
°  KurutiT  uuil  tstrube,  Studirn  dex  phyniologiuchai  InsdtuU  su  Brejilau,  II.  (1969). 
p.  101. 

*  Heidmibain,  *  Galleuabsondorniig,'  Hennann's  Handbucht  Vol.  r.  i.  p.  268. 

*  liiohLbeim,    '  Unber    den    KinfluRS    der    Ruckcnmar^ereizuiig    aaf    die  G«IUb- 
abBODdsmng.'  Inaug.  Dits.  Berl.  1867  (quoted  by  ULMdcnhain). 

*  Heidenhftin,  Studitn  d,  phyriol.  Imt.  zu  Hrfulati  iv.  {lyt>8),  p.  226. 

*  J.  Mimk,   'Ueber  den  Einflasa  sensiblor  Rcizang  anf  dii 
PflOeer'B  Archiv,  Vol.  vui.  il874),  p.  161. 
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saliva,  is  very  low  (Friedl&nder  u,  Barisch').  K,  however,  we  contrast 
the  pressure  under  which  tlie  bile  is  secreted  witli  the  blood-pressiire 
ID  the  portal  vein  we  obtain  resulU  which  are  in  accoi'dance  with 
those  ascertained  in  the  case  of  the  salivary  glands. 

Heidenhain',  measuring  simultaneously  the  preasiire  under  which 
bile  is  secreted  and  the  pressure  in  a  branch  of  the  inferior  mesen- 
teric vein  of  dogs,  found  tliat  the  bile-pressure  invariably  exceeded 
the  ptjrtttl  biood-prefisure  by  a  considerable  amount.  In  the  follow- 
ing table  are  stated  hie  results,  the  pressure  being  expressed  in  terms 
a  column  of  solution  of  sodium  carbonate. 


i 


'TABLK  EXHIBITING  THE  RELATION  BETWEEN  THE  PRESSURE  UNDER 
WHICH  THE  BILE  WAS  SECRETED  AND  THE  PRESSURE  IN  THE 
SUPERIOR  MESENTERIC  VEIN  IN  FIVE  EXPERIMENTS  ON  THE  DOG. 
(HEIDENHAIN.] 


P 


*^ 


Bile- pi  MM  ore. 


220  mm.  boL  of  Sod.  Carbonate 
175         „  „  „ 

204 
110 

180 


Blood*  pre^tture 
(luperior  mesecterio  vein) 


90  mm.  8oL  of  Sod.  Carbonate 
^7         „  „  „ 

50 
65 


Taking  the  arithmetic  mean  of  the  ratios  of  bile-pressure  ;  btood- 
pressure  in  these  five  experiments  it  appears  that  the  former  waa 
nearly  twice  and  a  half  as  great  as  the  latter  (2  45  :  1). 

R«-ab*on>-  If  the  outflow  of  bile  be  prevented  as  by  the  appli- 

Uonof  BecreUd  nation  of  a  ligature  to  the  common  biltvduct,  or  through 
its  occlusion  by  a  gall  stone  or  a  phig  of  imicus.  the 
bile  already  secreted  is  rapidly  re-absorbed.  The  biliary  constituents 
ultiniately  pass  into  the  blootl  and  are  excreted  by  the  urine.  If 
their  amount  be  sufficiently  large,  however,  the  colouring  matter 
noon  stains  the  conjunctiva  and  later  the  skin,  the  condition  of 
ictiyriis  or  jaundice  being  established. 

Researches  conducted,  under  Ludwig's  direction,  by  Fleischl*  led 
to  the  interesting  discovery  that  the  bile  is  not  re-absorbed  by  the 
blood-vessels  of  the  liver,  but  by  the  lymphatics  of  the  organ,  whence 

1  T.  Friedlauder  und  C.  fiarisch,  '  Zur  KenntntRS  der  GaUenabBoudurang'  (aoB  d. 
phys.  Iiurtitut  za  BresUu),  Archiv /.  Anat.  «.  i*ftyjf.  I860,  aee  p.  659  et  $eq. 

'  Heidenhain,  original  t'xperimeuls  publuhed  id  bin  urlide  '  Oallenabeondenuig,' 
Hennann'ft  Haudbuch,  Vol.  t.  i.  p.  269. 

*  Fleisobl,  '  Von  der  Lymphe  und  den  Lymphgefasaen  der  Leber/  Ladwig's 
Jirbciten,  lfl74,  p.  24. 
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it  makes  its  way  into  the  thoracic  duct  which  carries  it  into  the  blood. 
Thift  fact  was  proved  by  applying  a  ligature  to  the  common  bile-duct 
of  dogs,  in  whose  thoracic  duct  a  cannula  was  inserted  permitting  tbe 
collection  externally  of  the  whole  of  the  lymph.  Whilst  this  iluid 
contained  large  quantities  of  the  biliary  constituents,  the  blood-serum 
was  entirely  free  from  them. 

Small  quantities  of  undecomposed  bile  acids  are  normally 
in  the  chyle  of  the  thoracic  duct.     Tappeiner  was  able  to  isolate  iind 
identify  them  in  150  c.a  of  chyle  obtained  &om  the  thoracic  duct 
a  dog  in  full  digestion^ 


Sect.  3.    The  Physical  Characters  and  the  Reaction  of 

THE  Bile. 

The  bile  flowing  ^from  the  hepatic  ducts  is  a  non-viscous 
liquid,  the  product  of  the  activities  of  the  liver  cells.  In  tlie 
gall-bladder,  and  perhaps  even  in  the  cystic  and  common  bile-ducts, 
it  becomes  mixed,  however,  with  the  product  of  the  secretion  of  the 
glands  situated  in  the  mucous  membraue,  and  acquires  a  viscidity, 
formerly  wupposed  to  be  due  to  mucin,  but  which  is  caused  by  » 
peculiar  body  now  classed  among  the  '  nucleo-albumins' ;  we  shall 
designate  this  btxly  the  'mucoid  nucleo-albumin*  of  the  bile. 

Colour.  The   perfectly  fresh   and   normal  bile  of  man  and  trf 

carnivorous  animals  generally  (dog,  cat,  pig)  is  of  a  golden  red  colour. 
When  examined  spectroscopically  the  liquid  cuts  off  more  or  less  of  tbft 
violet  and  blue  euds  of  the  spectrum ;  it  either  exhibits  no  definite 
absorption  bauds  or  at  most  on  suitable  dilution,  a  shadowy  absorp" 
tion  band  near  F,  occupying  approximately  the  same  position  as  th&t 
exhibited  by  urobilin. 

In  the  very  interesting  case  of  biliary  fistula  in  a  woman  recorded  by 
Dr  Copeman  and   Mr  AVinston',  the  bile  presented  fix)m  lirst   to  last  ** 
deep  olive  tint  in  which  green  certainly  preponderated  over  the  yello^- 
These  obser\*atioa8  have  led  Copeman  and  Winston  to  aurmise  that  tl* 
normal   colour  of  human  bile  may  be  olive-green,   and   that  the  colo^*' 
tisurtUy  described  as  characteristic   of  ihe   bile  of  man  may  be  due  Uy    * 
reduciug  process  occurring  during  tlie  sojourn  of  the   bile  in  the  g»-   , 
bladder.     In  Jacobsen's  description  of  the  bile  secreted  in  Westphale^-** 
case  tiie  bile  is  described  as  a  ^griirUieh  braungelbe  Flilssigkeit.' 

The  fresh  bile  of  herbivorous  animals  is  of  a  pure  grass-green  ^ 
olive-green  colour  (rabbit,  sheep,  goose)  or  it  is  of  a  colour  iu  whic^^ 
green  predominates,  but  in  which  a  red  tint  is  perceptible  (ox,  som^ 
times  sheep).     It  absorbs  the  violet  and  some  of  the  blue  rays  C^ 

'  U.  Tappeiner,  *  Uober  die  Aufsaugung  der  gallensauren  Alk&lien  im  Donndarme* 
8iUung$ba:  d.  ir(>n*T  Acadftnif  d.  H'u$fmrk.,  Vol.  77  (1878),  Abth.  ill. 

'  8.  Monckton  CopemaD,  M.A.,  M.L>m  and  W.  B.  Winston,  '  ObacrratioDa  on  Hnman 
Bile  obtained  from  a  case  of  Biliary  Fistula,'  Journal  of  Phytiology^  ToL  x.  (1689), 
2ia— 281.  sec  p.  218  et  $tq. 
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i€  spectrum,  but  before  it  has  come  in  contact  with  air  presents  no 
Hioite  absorption  bands;  in  other  words,  at  the  time  of  death  the 
ile  does  not  contain  any  body  possessing  the  optical  properties  of 
ie  cbolohieniatin  of  MacMunn,  but  a  chromogeu  from  which  cholo- 
ftmatin  is  rapidly  developed  (Ganigee)-  The  main  colouring 
latter  on  which  the  green  colour  depends  exhibits  no  absorption 
inds. 

The  brown  tint  which  human  bile,  collected  in  the  gall-bladder 
)st  mortem^  usually  possesses,  and  which  frequently  is  exhibited 
y  the  bile  obtained  from  biliary  fistula,  when,  through  septic 
ivasion.  cataixh  of  the  gall-bladder  has  been  set  up,  is  due  to  a 
lange  which  the  normal  pigment  has  undergone. 

When  exposed  to  the  air,  biJe  which  when  fresh  had  a  reddish- 
ellow  colour,  may  assume  a  grass-OTeen  tint  similar  to  that  of  the 
erbivora.  Conversely,  the  green  bile  of  the  ox  when  decomposing 
\  the  absence  of  air,  loses  its  green  colour  and  becomes  brown. 
Tie  causes  of  these  changes  in  colour  will  be  treated  of  in  discussing 
tie  colouring  matters  of  the  bile. 

Tut*.  The  bile  possesses  at  first  a  characteristic  sweet-bitter, 

Imost  immediately  followed  by  a  purely  bitter,  taste,  which  is 
xiparted  to  it  by  the  bile  acids  which  it  contains. 

Wtoor.  The  fresh  bile  is  usually  destitute  of  smell.     The  bile 

f  the  ox  and  sheep  when  concentrated  on  the  water  bath  often 
xhales  a  faint  musk-like  odour. 

^►•Mity.  The  density  of  the  bile  which  is  flowing  freely  from  a 

stula  is  much  lower  than  that  of  bile  obtained  from  the  gall- 
'laJders  of  animals  post  mortem. 

According  to  Freiiuha,  the  specific  gravity  of  human  (gall-bladder) 
ii^  varies  between  1*03  and  1*04.  According  to  v.  Gorup-Besanez, 
be  specific  gravity  of  human  bile  varies  between  1'0105  and  1*032. 
>n  the  other  hand,  the  mont  reliable  determinations  of  the  density 
Fbile  from  biliary  fit^tula?  in  man  give  results  which  never  approached 
le  higher  limit  assigned  by  Gorup-Besanez.  O.  Jacobsenf,  in  his 
lamination  of  the  bile  of  a  man  with  biliRry  fistula,  found  the 
easily  to  vary  between  I'OlOo  and  I'UIOT  (I.  17'5"  C).  Copeman 
hd  Winst4m*  found  it  to  range  between  TOOSo  and  1  0105.  Yeo 
ad  Herroun'  found  the  density  to  vary  between  TOGS  and  10082. 
n  Uayo  Robson's  case,  Fairley  found  it  to  vary  between  10085 
nd  1"0090.  Noel  Baton  and  Balfour  observed  variations  between 
^54  and  1-008. 


*  0«o.  Jacobaen,  •  Untersuchung  mensohlicher  Galle.'  Der.  d.  deiiUch.  Chem. 
laetUeha/t.     Vol.  vi.  (1873),  p.  1026. 

'  Copcmui  Bud  Wjubtun,  loc.  cit.,  p.  221. 

'  T«o  and  Herroun,  '  A  note  on  the  composition  of  Human  Bilo  obUiaed  from  & 
rtolA.*    Journal  of  Phy»wloffy,  Vol.  v.  (1883—84),  p.  118. 
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CONSTITUENTS  OF  THE  BILE    ENUMERATED. 


Reaotton    of 
tbobUe. 


The  bile  is  a  feebly  alkaline  liquid.  According  to 
Bidder  and  Schmidt  iu  alkalinity  depends  ou  admix- 
ture with  the  secretion  of  the  gall-bladder.  In  order  to  determnu) 
its  reaction  the  bile  should  be  previously  diluted. 


Sect.   4.     Encmeration   or  the   Constxtuents   of   the  Bill 
The  Constituents  which  are  Specific  op  the  Secrehos. 

The  bile  is  an  aqueous  solution  containing  as  its  principal  andspecific 
constituents  (1)  the  sodium  salts  of  certain  conjugated  acids  comprised 
under  the  general  designation  of  bile  acids;  (2)  certain  colouriog 
matters,  iuclude<l  under  the  general  term  of  bile  colouring  mattey's,  of 
which  the  principal  are  bilirubin,  the  characteristic  colouring  mtitter 
of  tht:  bile  of  the  caruivora,  and  biliverdiii,  which  is  characteristic  ul 
the  bile  of  the  herbivnru.  Amongst  the  characteristic  coustituenU 
of  the  mixed  bile  should  perhaps  be  also  included  (3)  the  mucoid 
nucleo-albumin  which  is  mixed  with  the  bile  in  the  gall-bladder. 
We  speak  of  the  bile  acids  and  bile  colouring  matters  being  specific 
constituents  of  the  bile  and  specific  products  of  the  liver,  inawtudi 
as  these  substances  are  not  found  in  Uie  blood  or  in  the  tissues  of 
animals  from  which  the  liver  has  been  removed*.  We  cannot  witli 
equal  positiveness  apeak  of  the  mucoid  nucleo-albumin  beinj;  ft 
specific  constituent,  as  bodies  of  somewhat  similar  composition  aoci 
reactions  occur  elsewhere  ;  besides,  this  constituent  is  not  a  product 
of  the  activity  of  the  hepatic  cells  and  must  be  luokeil  upon,  iu  * 
sense,  as  an  adventitious  constituent  of  the  bile. 

In  addition  to  the  bodies  which  are  the  specific  products  of  tlie 
activity  oi  the  hepatic  cells  and  the  mucoid  nucleo-albumin,  the  bile 
contains  cholesterin,  neutral  fats,  soaps,  lecithin,  or  its  products  of 
decomposition,  traces  of  a  diastatic  ferment,  mineral  matters,  amongst 
which  a  small  quantity  of  iron  is  invariably  found,  and  gases  of 
which  the  chief  is  CO.. 


Sect.  5.  Qlykocholic  Acid,  Taurochouc  Acid,  Htogltko- 
CHOLic  Acid,  Hyotaurocholic  Acid,  ChenotaurochoUC^ 
Acid, 

Introdtidory  Observations, 

If  the  bile  of  the  ox  t>e  mixed  with  animal  charcoal  and  evsp 
rated  to  dryness  on  the  water  biith,  a  pulverisable  residue  is  obtain^ 
This  wlieu  treated  with  absolute  alcohol  yields  a  cnliiuiless  or  fainllj 
yellow  solution,  containing  no  trace  of  the  bile  colouring  matters,  but 
which  holds  in  .solution  the  sodium  salts  of  the  bile  acids.  If  no* 
anhydrous  ether  be  added  to  this  alcoholic  solution,  a  white  turbidity 

^  Iu  old  blood  extravaHations,  microsoopic  crystals  of  eo-called  lucmatoidin  ooCiV 
which  appear  to  be  idvntiual  in  cr^'atalline  form,  coloar,  spectroscopic  characters  ud 
ohemioal  re&ctiuuH  with  bilirubin. 
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at  first  profluced  and,  as  the  quantity  of  ether  added  is  increased, 
white  amorphous  precipitate  falls  to  the  bottc^ra  and  adheres,  in 
rt,  to  the  walls  of  the  vessel  in  which  the  precipitation  occurs.  If 
S  process  (jf  drying  of  the  bile  lias  been  complete  and  the  alcohol 
\  ether  subsequently  employed  anhydrous,  the  snow-white  precipi- 
«  in  the  course  of  some  hours  or  some  days  exhibits  tufts  of 
uitiful  needles'.  To  this  crystalliue  precipitate  the  name  of 
ittner's  crystallised  bile  is  given.  It  is  composed  of  the  sodium 
ts  of  glykocholic  and  of  taurocholic  acids. 

The  bile  of  all  animals  contains  either  a  glykocholic  or  a  tauro- 
olic  acid  or  a  mixture  of  these  acids.  Glykocholic  acid,  on  the 
e  baud,  is  a  nitmgenous  aci<l  which,  under  the  influence  of  hydro- 
tic  agencies,  splits  up  into  amidfj-acetic  acid  (glycocoll)  and  into  a 
m-nitrogenous  acid,  termed  cholalic  acid.  Taurocholic  acid,  on 
,e  other  hand,  contains  not  only  nitrogen  but  sulphur  and.  under 
rdrolytic  agencies,  splits  up  into  aniiilo-ethylsulphouic  acid  (taurine) 
id  into  cholalic  acid.  The  cholalic  acid  of  the  bile  of  certain 
limals  (as  the  pig  and  the  goose)  has  a  slightly  different  compo- 
doD  from  that  of  the  normal  cholalic  aciil,  and  thus  we  may  have 
glykocholic  or  a  taurocholic  acid  not  absolutely  identical  with  tliose 
■  the  ox.  These  observations  wilt  render  intelligible  the  statement 
reviously  made  that  the  bile  of  all  animals  contains  a  glykocholic 
■^urocholic  acid  or  a  mixture  nf  the  two. 

fU  will  be  aftenvards  stated  in  detail,  the  bile  of  berbivora 
JUtains  glykocholic  acid  as  its  principal  bile  acid,  whilst  the  bile  of 
irnivora  contains  taurocholic  acid  as  its  cliief  or  sole  bile  acid.  The 
lie  of  man  contains  a  preponderance  of  glykocholic  acid,  taurocholic 
nd  being  sometimes  absent. 
The  bile  of  nearly  all  classes  of  animals,  with  the  exception  of 

tof  fishes,  contains  sodium  salts  of  the  bi!e  acids.  In  salt  water 
I,  however,  the  bile  acids  are  in  combination  with  potassium  ;  in 
tsh  water  fishes  both  ptttassium  and  sndium  salts  exist,  the  latter 
redurainating.  The  same  curious  fact  has  been  obser\*ed  in  the  bile 
f  certain  'Chelonii.* 

B      77i€  Early  History  of  researches  on  the  Bile  Acids. 

VuYitwtot  When  we  consider  how  important  a  part  the  older 

"^*^  physicians  ascribed  to  the  bile  in  the  causation  of 
disease  we  cannot  be  surprised  to  find  that  this  secre- 
iou  was  amongst  the  first  to  be  subjected  to  investigation.  Passing 
ver,  for  the  present,  the  obse^^'ations  made  before  chemistry  had 
ttained  to  the  position  of  a  positive  science,  the  first  to  be  noticed 
re  those  of  Fourcroy  and  Vaucpielin',  wbi>se  views  do  not  appear 
0  have  differed  materially  from  tliose  which  had  prevailed  concern- 

'  Plattner,  Ann.  il.  Chem.  u.  Phurm.,  Vol.  u.  (ISJ*). 

^  Fonrcrov, '  SystAmc  Hm  conuuicBances  ehemiques.'  Qaotod  by  BerKeUus  in  hia 
lide  'Oalle'  in  Wagner's  JlanfiKiirterbuch  der  Phytiologie,  Vol.  i.  (1&42),  p,  610. 
be  Author  has  not  been  able  to  8e«  the  original. 
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ing  the  nature  of  the  bile  during  the  latter  half  of  the  18th  ceumn. 
viz.  that  it  was  a  secretion  of  soap-like  character.  This  view  vas 
based  ou  the  alkaline  nature  of  the  bile,  on  the  resinous  precipitAW 
obtained  on  the  addition  of  acids  to  it,  and  ou  the  fact  that  a  p«ui 
of  the  acids  added  remained  in  sohitiou  in  combination  with  sodium. 

Tue  rewarcii-  It  is  in  the  almost  sicnultaneous  observations  uf 
MofThenATd*.  xhenard  and  of  Berzelius  published  in  the  first  ycafs 
of  the  present  century  that  we  trace  the  germs  of  our  knowledge  of 
the  bile  acids.  Thenard  experimented  upon  the  bile  of  the  ox.  He 
discovered  the  inipi>rtant  fact  that  neutral  and  basic  lead  acetates 
when  added  to  bile  cause  a  precipitate ;  this  he  decomposed  by 
means  of  dilute  nitric  acid  and  obtained  a  coloured  resin-like  body 
which  he  designated  '  rdsiue  de  la  bile.'  This  body  must  have  am- 
sisted  of  a  mixture  of  glykocholic  and  choloidic  acids  with  colouring 
matters.  The  filtrate  from  the  first  precipitate,  when  treated  with 
a  large  excess  of  lead  acetate,  yielded  a  second  yellow  precipitate, 
from  which,  by  the  action  of  H,S,  he  obtained  a  soluble  extractive 
matter  to  which,  because  of  its  bitter  and  sweet  taste,  he  gave  the 
name  of  picromel  (from  vncpo';,  pungent,  bitter;  and  /*eXi,  honej) 

The  reaearch-  Shortly  after  Theuard's  researches,  Berzelius  shewed 

MofBeraeUttfl.  ^^^^  ^^^^^  acetic  acid  is  added  to  bile  it  precipitates* 
body  wliich  had  until  then  been  considered  to  be  albumin,  but  yihlch 
he  declared  tn  consist  of  mucin  secreted  by  the  gall-bladder,  but 
does  not  precipitate  any  resin-like  body  from  bile.  On  adding, 
however,  sulphuric  or  hydrochloric  acid  to  bile,  he  obtained  a  precipi- 
tate consisting  of  a  resin-like  body.  On  decomposing  this  precipi- 
tate with  barium  carbonate  or  with  lead  carbonate  (according  to  the 
acid  which  he  had  employed  in  the  precipitation)  he  obtained  » 
watery  solution  of  a  substance  possessing  the  taste  of  bile,  am)  which, 
he  assumed,  farmed  compounds  with  acids  which  were  iusoluble  in 
water  in  the  presence  of  an  excess  of  acid.  To  this  supposed  proxi' 
mate  principle  of  the  bile.  Berzelius  applied  the  name  of  biliary 
suhatAnce  {' Diese  Snbstam  vaiwte  icJi  (Jallenatoff*)*.  As  we  iK"' 
kno\v,  the  biliary  substance  of  Berzelius  must  have  consisted jL 
impure  glykochoiic  acid.  H 

In  the  year  1S26  in  the  celebrated  work  which  "^ 
wrote  in  association  with  Tiedemann,  Leopold  Gmel}^^ 
announced  the  results  of  his  researches  on  the  b>-** 
He  declared  that  the  biliary  substance  of  Berzeliua^d 
less  than  the  '  rdsinc  de  la  bile'  and  the  picromel^| 
Thenard,  consisted  of  mixtures  uf  bodies.     From  the   biliary  re^ 


Tbe  disco- 
veries of  Leo- 
pold OmeUn 
and  of  Bedten- 
bacher. 


1  Thenani,  '  M/>moire  sar  la  Bite'  lu  4  I'lnstitut  le  2  flortSal,  an  13.    Minoif^0 
PhytiiiUf  et  dt  Chimie  de  la  Soci^U  d'Arcutit.     Tome  i.     Paris,  1807,  p.  23 — 45. 

*  HcrzeliuB,  FirrdHmmgar  i  DJurkftniettt  ii.  p.  248,  Stockholm,  p.  1808. 
by  Berzelius  in  his  article  *  Galle '  in  Wagnor'a  Handworterbueh. 

'  Ticdemann    und    Gmelin,   Die    Verdauung  nack   yenuchemt  Vol.  L    ( 
63  et  icq. 
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le  Bucceecled  in  separating,  however,  a  crystalline  acid  to  which  he 
jave  the  name  of  cholic  acid,  and  which  was  the  acid  to  which 
Lehraann  afterwards  applied  the  name  by  which  we  now  know  it. 
m.  glykocholic  acid.  Amongst  a  large  number  of  hjrpothetical 
proximate  principles,  the  discovery  of  which  depended  upon  errors 
of  method  or  of  interpretation,  QmeiiEj  placed  a  crystalline  body 
which  he  had  separated  from  Thenard*8  biliary  resiu;  this  crystal- 
line body,  which  he  believed  to  exist  in  a  free  condition  in  the  bile, 
md  which  he  designated  biliary  asjvaragine  {' GaUenuspanigin'),  is 
the  body  we  now  know  as  taurine.  Its  composition  was  unknown  to 
Gmelin,  who  was  not  even  awitre  that  it  contained  the  element 
solphtir.  It  is  a  remarkable  fact  that  both  Demarcay  and  Dumas 
wbo  subsequently  mode  ultimate  analyses  of  taurine,  having  failed 
to  test  it  for  sulphur,  dbtained  results  which  led  to  the  furmnla 
C,H^O/''.  It  wa-s  only  in  1846  that  Redtenbacher"  discovered 
the  presence  of  sulphur  in  taurine,  and  shewed  that  the  empirica] 
formula  CjH,NOj  must  be  replaced  by  C.H^NSO,. 

i**"*'cay'B  The  next  enquirer  whose  researches  we  are  called 

fcTMtifatJoM.  upon  to  notice  was  Demarcay.  His  work  formed  the 
basis  of  an  independent  report  to  the  French  Academy  by  Duraas 
Mwi  Pelouze*.  the  former  of  whom  submitted  to  ultimate  analysis 
some  of  Demarcay  8  products.  This  observer  concluded  that  the  bile 
contains  the  sodium  salt  of  a  single  acid  to  which  he  gave  the  name 
of  choleic  acid  (acide  choleique),  which  wa.s  analysed  by  Dumas  as 
Well  as  by  himself  and  to  which  the  empirical  formula  C43H7,N.jO,a 
WB8  assigned.  When  boiled  with  acids  he  believed  that  this  acid 
«plit  up  into  an  acid  which  he  termed  choloidic  acid,  CMH^pOy,  and 
inti)  taurine,  CjUuNaOio  (C  =  6).  "When  boiled  with  caustic  alkalies 
choleic  acid  was,  according  to  Demarcay,  split  up  iuto  auHnonia  and 
cholic  acid,   CaHj-jOitf.      Demarcay's   choleic   acid    was,   in   reality, 

K cholic  acid  in  which  he  failed  to  find  the  sulphur,  as  he  like- 
did  in  taurine.  In  spite  of  his  mistakes  in  these  particulars, 
trcay  was  the  first  to  recognise  the  conjugate  nature  of  a  bile 
*ci<l  and  to  shew  that  taurocholic  acid  splits  up,  when  heated  with 
acids,  into  a  nitrogenous  body,  and  iuto  a  non-nitrogenous  acid. 

^p  The  researches  of  Adolf  Strecker, 

It  is  to  the  long  continued  and  masterly  researches  of  Adolf 
strecker  that  we  owe  the  greater  part  of  our  knowledge  of  the  bile 
'cids  and  of  their  compounds,  and  the  description  of  these  bodies 
•^bich  will  follow  is  based  in  great  part  upon  his  work.     His  first 

'  H.  Demarcay,  'Ueber  die  Natar  der  Galle.'  AnnaUn  tirr  Pharmacit^  Vol.  xxvii. 
8a8).pp.  270— 291. 

*  Pdoaze  nud  Dumas,  *Bencht  tiber  voratehende  Abhandlung  an  die  Akademie  in 
»rt8  (Anszug).'  AntuiUn  der  Phtrvuiiie,  Vol.  xxvii.  (1838),  pp.  29*2—295:  aUo  in 
omptea  HrnihiM,  1838,  no.  8,  2""*  aeauce. 

*  Jos.  Redtenbaoher,  '  Uehi^r  die  Zasaramensetzang  des  Tanrina,'  Annalen  der 
'Wk  «.  Pharm,,  VoL  lvii.  (1840),  pp.  17t>— 177. 
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itch  on  tb«  bile  was  publiibed  in 


vith  GtmdUrb  in 


jear  1S47  mad  ooDcerned  the  bOe  of  the  pig,  in  vbicfa  tk(^ 
ed  the  Bodiam  nit  of  ab  ftctd  which  thef  SMoed  faTocbolu 
id  umI  which  we  duw  term  hjogljkodiobc  addV  Id  1H48  Stredtcr 
ibltflhed  io  two  part«  bts  great  reseaucfa  oo  the  bile  of  the  ox^' 
fttATting  frofn  the  choiic  add  of  Gmelixi,  Strecker  soeeeeded.  br 
boitiog  ibifl  bodj  with  a  solation  of  bArxom  hjdnte,  in  deooiDpof^ng 
it,  obtaining  as  prodacta  of  deoMnpositkm  glTooooU  nod  a  ous- 
AJtrogenous  acid,  obviously  tbe  same  as  that  vhich  DemarcaT  b«l 
tiarned  cbolic  acid.  Strecker  called  this  acid  choUlic  »dd,  the  naoifr 
by  which  it  is  now  generally  known,  and  aaaigned  to  it  the  formnh 

Paaiing  over  his  reflearchea  uo  Uie  products  of  deoooapoeitioQ  of 
cholalic  acid,  we  bave  to  brin|[  into  special  relief  the  second  gretX 
refliilt  of  hia  research  on  ox  bUe.  Having  separated  the  glykocbotiir 
acid  which  exists  in  th^  bile  by  precipitaling  it  with  neutral  lead 
acetate,  he  treated  tbe  filtrate  with  basic  lead  acetate,  and  obtmed 
ft  second  precipitate  containing  the  lead  salt  of  an  acid  in  wbose 
compOMitiou  not  only  N  but  S  entered;  to  this  acid  which  (after 
Lehrnann)  we  now  call  taurocholic  acid.  Strecker  applied  the  tena 
choleic  acid  (cboleinsaure). 

Although  uuabk  to  obtain  taurocholic  acid  in  a  crystallioe 
condition,  he  succeeded,  by  the  same  method  which  he  bad  employed 
iu  the  case  of  glykocbolic  acid,  in  decomposing  it  into  taurine  (ivhicli 
Re<ltenbacher  had  already  shewn  to  contain  sulphur  and  to  which  he 
had  ascribt^d  a  correct  empirical  formula),  and  into  cbolalic  acid 
Strecker  had  thus  succeeded  in  shewing  that  the  two  bile  acids,  like 
Lippnric  acid,  are  conjugate  acids  Vhicn  readily  split  up  into  a  noo- 
ijitrogt;nous  acid  common  to  the  two  bile  acids,  and  into  amiilo- 
compouuds— the  N-containiug  glycocine  ou  the  one  band,  and  the 
N-  and  S-coutaining  taurine  on  the  other. 

In  a  third  great  paper*  Strecker  recorded  his  researches  oa  the 
bile  of  various  animals,  investigating,  inUr  alia,  the  mineral  con* 
Btitucnts  of  the  bile  of  fishes,  and  completing  the  research  whicli  he 
had  commenced  with  Gundlach  ou  byoglykocboLic  acid. 


a 


rl 
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Glijkockolic  acid^  CmH^NO,. 

Glykocholic  acid  is  the  principal  bile  acid  in  the  bile  of  mau,  the 
ox  and  other  herbivorous  animals,  and  occurs  iu  combination  with 
sodium.     It  is  not  found  in  the  bile  of  carnivorous  animals. 

'  Dr  C.  Onnrllaoh  und  Dr  Ad.  Streoker,  *  Unt«nnichuug  der  Sahwein^alle.'  AunaJi* 
d.  Chem.  u.  Phurm.,  Vol.  lxu.  (1847),  pp.  205—232. 

'  Ad.  Strecker,  '  Untersachung  der  OcbaenKftUe.'  Erste  AbbandluDg.  Unn.d.  CA«M> 
«.  Phnrm..  Vol.  utv.  (1848),  pp.  1—37. 

*  Ad.  Strecker.  *  1jnt«ivac)iiiug  der  Ochseugalle.'  Zweite  AbfaandluDg.  Annaltn* 
Chfm.  u.  Vharm,,  Vol.  livii.  (IH48).  pp.  1—60. 

*  Ad.  Strecker,  *  Beobachtuiitr^o  Ubor  die  Oalle  versobiedener  Thiere.'  jlniui^  ^- 
Chenu  u.  Pharm.,  Vol.  lxx.  (1849),  pp.  149—107. 
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<>'  1.     From  Plattfi€T^8  *  crystallised  bile'  (see  p.  291). 

vpAr&tion.  r^he  cr^'stalline  precipitate  obtained  by  adding  ether 
►  a  solution  of  dried  decolourised  bile  iu  absolute  nlcoliol  is 
issolved  in  water  and  dilute  sulphuric  acid  is  added  to  the 
ilution,  until  a  permanent  and  dense  turbidity  is  produced.  Tlie 
quid  is  set  aside  when,  after  soine  houra,  glykocholic  acid  separates 
I  the  form  of  fine  silky  needles.  It  is  collected  on  a  filter,  washed 
ith  distilled  wat^r,  pressed  between  filter  paper  and  then  dissolved 
I  alcohol,  only  as  much  of  this  liquid  being  employed  as  suffices 
)  dissolve  the  acid.  To  the  alcoholic  solution,  many  times  ita 
olume  of  ether  is  added,  when  pure  glykocholic  acid  separates  out, 
\  the  form  of  long  silky  needles, 

2.  By  precipitation  tmik  lead  acetate.  Decolourised  extract  of 
X  bile  is  dissolved  in  water  and  the  solution  is  treated  with  a 
>lutlon  of  lead  acetate  which  produces  a  precipitate  composed 
Imost  entirely  of  glykocholate  of  lead.  This  precipitate  is  collected, 
'mBhe<l,  drained,  and  is  mixed  with  alcohol.  A  solution  containing 
D  excess  of  sodium  carbonate  is  then  added  and  the  mixture 
vaporated  to  drj'ness.  In  this  process  a  double  decompositiou 
ccurs,  which  results  in  the  formation  of  lead  carbonate  and  sodium 
lykocholate.  From  the  dry  residue  which,  in  addition  to  these 
alts,  contains  an  excess  of  sodium  carbonate,  the  sodium  glyko- 
holate  is  dissolved  out  by  means  of  absolute  alcohol.  The  alcoholic 
olution  is  then  evaporated  to  dryness,  the  residue  dissolved  in  water, 
lecolourised  by  heating  with  pure  animal  charcoal,  filtered  and 
reiited  with  dilute  sulphuric  acid,  which  causes  the  separation  of 
[lykocholic  acid.  This  process  is  very  instructive  for  the  student, 
mt  does  not  so  readily,  or  so  uniformly,  yield  a  pure  product  as  the 
me  first  described. 

3.  By  Hiifney's  vtethod\  Perfectly  fresh  ox  bile  is  treated 
«nth  a  few  drops  of  strong  hydruchloric  acid  which  causes  the 
reparation  of  the  mucoid  nucleo-albumin.  The  liquid  is  then 
filtered  and  to  each  100  ex.  of  the  tiltrate  3  c.c.  of  concentrated 
bydrochloric  acid  are  added.  The  liquid  being  placed  iu  a  stoppered 
C)'linder,  .SO  c.c.  of  ether  are  added  for  every  100  c.c.  of  bile,  the 
whole  shaken  and  placed  in  the  cold.  In  the  most  favourable 
cases,  the  separation  of  crystals  of  glykocholic  acid  coinn»ences  at 
t>DC€;  usually,  however,  some  hours  elapse  before  the  separation 
iKJcure,  when  the  mixture  is  found  to  have  been  converted  into  an 
almost  solid  magma  of  crystals.  The  ether  having  been  diluted,  the 
"■'rystals  are  washed  iu  ice-cold  water  uutil  the  wa-shiugs  are  colour- 
less; they  are  then  dissolved  in  the  smallest  possible  quantity  of 
boiling  water  which,  on  cooling,  deposits  them  in  a  colourless  and 
pure  condition. 


*  Q.  Bilfner,  '  SchneUe  DarsteHang  von  OWkocholsinre.    Joum.  /.  prakt,  Chemie, 
VOL  X.  (1874),  p.  2C7. 
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This  method  which  is  the  simplest,  and  when  successful  the  beat. 
of  all  which  are  available,  fails  very  frequently.  Thus  Marshall' 
found  tliat  in  only  22*2  per  cent,  of  all  the  trials  which  he  made 
with  the  fresh  bile  of  oxen  slaughtered  in  Philadelphia  did  tbe 
separation  of  glykocholic  acid  occur.  It  would  appear  that  when 
ox  bile  contains  a  considerable  quantity  of  tatirocholic  acid,  Id 
addition  to  glykiDcholic  acid,  the  former  prevents  the  precijiitelioo 
of  the  latter  by  hydrochloric  acid,  even  in  the  presence  of  ether. 

Glykocholic  acid  usually  crystallises  in  the  form  of 
h     I'll  colourless   transparent  needles.      By  concentrating  itt 

penieB  alcoholic  solution  at  a  boiling  temperature,  it  is  obtaioed 

in  the  form  of  thin  four-sided  pnsms.  It  requires  303 
parts  of  cold  and  1Q2  parts  of  boiling  water  to  dissolve  it  It  is 
readily  soluble  in  alcohol,  but  almost  insoluble  in  ether.  It  is 
soluble  in  solution  of  the  alkaline  hydrates  and  their  carbonatea,  atkl 
displaces  the  carbonic  acid  from  the  latter.  ^ 

Solutions  of  glykocholic  acid  in  alcohol  or  water  possesB  ir 
combined  bitter  and  sweet  taste  and  an  acid  reaction.  Glykocholic 
acid  is  readily  dissolved,  without  undergoing  decomposition,  by 
concentrated  sulphuric,  hydrochloric,  and  acetic  acids,  at  ordinarj 
tenipi^ratures.  It  is  soluble  in  glycerin.  The  glykocholates  of  the 
alkalies  and  alkaline  earths  are  readily  soluble  in  water  and  in 
alcohol,  whilst  the  glykocholates  of  the  heavy  metals  are  either 
insoluble  or  only  sparingly  soluble  in  water.  A  watery  solution  of 
an  alkaline  glykocholate  is  precipitated  by  neutral  lead  acetate,  the 
precipitate  is  soluble  in  Lot  alcohol  and,  on  cooling,  separates  out 
partly  in  a  poAvdery  condition  and  partly  in  flakes.  Solutions 
alkaline  glykocholates  are  able  to  dissolve  small  quantities 
saponifiable  soaps,  of  lecithin,  and  of  cholesterin. 

Free  glykocholic  acid  and  its  salts  are  dextrogyrous. 

Specific  rotation  (a)D  of  glykocholic  acid   dissolved  in  alcohol 


out 

I 


+  29^0. 


Bodlumgly 

kocOiolAie 
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May  be  prepared  from  pure  glykocholic  acid 
dissolving  it  in  a  solution  of  sodium  carbonate,  evapora- 
ting to  dryness,  dissolving  the  residue  in  absolutt? 
alcohol  and  precipitating  by  the  addition  of  a  large 
excess  of  anhydrous  ether.  The  sodium  salt  soon  separates  out,  a^ 
was  described  in  the  case  of  crystallised  bile.  It  is  very  soluble  if 
water;  100  parts  of  alcohol  at  15°C.  dissolve  3  9  parts  of  the  6alt> 
When  heated,  it  melts  and  takes  fire,  and  nltimately  leaves^ 
easily  fusible  mass,  containing  much  sodium  cyanate. 

The  specific  rotation  (a)D  of  an  alcoholic  solution  =  +  25''*7. 


1  Jobn  MaTBhftU,  'Ueber  die  Hiifner'Khe  Beaktion  bei  ameriluuiischer  Oohseni 
ZtiUchrift  f.  phytioL  Chmie,  Vol.  xi.  (1887).  p.  233. 


A 


CHAP.  TV.]    GLYKOCHOLIC  ACID.      PETTENKOFER's  REACTION.  297 


Producu   of  When   subjected   to   long  continued  boiling  with 

iMovotiiion  diluted  hydrochloric  or  sulphuric  acid,  or  when  heated 
for  12  hours  in  a  sealed  tube  with  a  concentrated 
solution  of  barium  hydrate   iu  a  water  bath,  glyko- 


«f  HrkootaoUo 
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cholic  acid  combines  with  a  molecule  of  water  and  splits  up  into 
glycocoll  and  cholalic  acid,  thus: 

C«H«NO,  +  H,0  =  C«H«0.  -f  CH>(NHs)CQQH 

Glykocholic  acid         Cholalic  acid         Glycocoll 

Colonic  Mid.  According   to    Hoppe-Seyler\  when    a  solution   of 

^^l''**^  glykocholic    acid    iu    conceutrated    sulphuric    acid    is 

'armed,  an  amorphous  precipitate  separates  consisting  of  cholonic 

*ci(l  (cholonsaure);    this   acid   is   insoluble   in   water,   but  readily 

Soluble   in    alcohol.      Cholonic  acid    has   not   been   obtained   in   a 

prystallistfd  condition.      It  is  dextrogyrous  km\  its  specific  rotation 

^  appruxiniately  the  same  as  that  of  glykocholic  acid.     It  is  distin- 

^isbed  both  from  glykocholic  and  cholalic  acids  by  the  insolubility 

**f  its  barium  salt  in  water.   Chohmic  acid,  it  will  be  observed,  ditfers 

from  glykocholic  acid  in  containing  one  molecule  less  of  H,0. 

Glykocholic  acid,  as  indeed  cholalic  acid  and  all 
its  immediate  derivatives,  exhibit  the  reaction  known 
by  the  name  of  its  discoverer*  '  Pettenkofer  s  reaction,' 
ti  its  original  form  the  test  is  performed  as  follows:  the  solution  of 
ie  substance  to  be  tested  is  (after  the  separation  of  albuminous 
ibstances)  placed  in  a  test  tube  or  in  a  porcelain  capsule  and  to 
are  added  2  or  3  dr(.)ps  of  a  10  per  cent,  solution  of  cane  sugar. 
>'''hen  the  contents  of  the  tube  have  been  shaken,  strong  and  pure 
tlphuric  acid  is  added  drop  by  drop,  care  being  taken  that  the 

}  Handlmch   dtr  phy»ioloffi$ch'    und  pathologueh-chtmischen    Anatyte,     Seohato 
nea  bearbeitet  tod  F.  Hoppe^Seyler  nnd  H.  Tbierfelder.     Berlin,  1893.     8e* 


^ettenkofer'i 


ffir 


'  Pettenkofer.  'Notiz  iiber  mne  aeui>  Reaction  auf  OaUe  unJ  Zncker. 
^emie  u.  Pharmac,,  Vol.  ui.  (1844),  p.  90 — 96. 
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temperature  of  the  mixture  does  not  rise  above  TCC,  lest  the  c»w 
eugiir  be  carbonised  and  the  dark  colour  thus  causeti  should  conce&l 
the  reaction.  If  bile  acids  are  present,  the  fluid  first  of  all  becomes 
opalescent,  then  the  opalescence  clears,  and  the  liquid  becomes  suc- 
cessively of  a  pale  cherry-red,  then  of  a  dark  carmine-red,  and  la.4ly 
of  a  beautiful  purple-violet  tint.  The  reaction  does  not  occur  in- 
stantly and  the  tube  should  be  set  aside  for  s<:>me  minutes  and  then 
examined  before  a  negative  conclusion  is  drawn  from  the  experiment 
In  order  to  avoid  the  troublesome  carbonising  of  cane  sugar  vtucb 
is  very  apt  to  occur,  Drechsel  suggested  a  very  useful  modification 
of  Pettenkofer's  test,  which  consisted  in  substituting  phosphoric  acid 
for  sulphuric  acid'.  To  the  liquid  to  be  tested  sugar  is  added  and, 
instead  of  sulphuric  acid,  phosphoric  acid  made  by  diluting  ilie 
syrupy  acid  with  one-sixth  of  its  volume  of  water;  the  tebt  tube 
containing  the  mixture  is  then  placed  in  boiling  water,  when  ilie 
characteristic  reaction  developes.  ^ 

A  very  important  modification  of  Pettenkofer's  reaction  we  offC 
to  Mylius*,  who  found  that  the  reaction  depended  on  the  production 
of  furfurol  which  is  generated  by  the  action  of  sulphuric  acid  on  the 
sugar  employed,  and  suggested  that  a  solution  of  furfurol  in  water, 
of  1  per  mille,  should  be  substituted  for  sugar.  According  to 
v.  Udranazky"  to  1  c.c.  of  the  alcoholic  ai»lutiou  suspected  to  contain 
a  bile  acid  is  added  a  single  drop  of  1  pui.  furfurol  solution,  aaji 
then  1  c.c.  of  concentrated  sulftlniric  acid,  the  mixture  being  if 
necessary  cooled.  By  this  method  a  perceptible  reaction  is  obtained 
with  quantities  of  cholalic  acid  not  exceeding  ^th — j^^jth  of  a 
milligramme. 


It  has  long  been  known  that  many  substances,  some  of  tbom 
constituents  of  the  animal  body,  give  reactions  with  cane  sugar  or  with 
cane  sugar  and  sulphuric  ncid  or  with  sulphuric  acid  alone,  which  are 
exceedingly  similar  to  the  reaction  which  is  observed  with  the  bil* 
acids.  Albumin,  acids  of  the  fatty  series,  amyl-alcohol,  morpbia* 
and  phenol  compjunds  which  occur  in  the  urine,  all  give  reactions 
with  sugar  aud  sulphuric  acid,  which  resemble  Pettenkofer's  reaction 
80  closely  that  were  it  not  for  the  method  of  spectroscopic  observation 
we  should  be  unable  to  pronounce  an  opinion  concerning  the  ideali'5 
or  non-identity  of  the  colouring  matters  which  are  produced  in  ea(» 
case. 


^  £.  Drechsel,  'Eiue  Modification  der  Petteukofer'schen  Heftction  t,uS  Otlki- 
MUrcn.'  Joum.f.  prakt.  Oumie,  Vol.  xxiv.  (1881),  p.  44.  'Anwendnng  von  Phoiiphot' 
tiare  statt  Schwefeltuiure  Wi  dtT  Pettoukufi^r  §cheii  lieactiou  auf  GalleuBauren.'  /ourn 
f,  prakt.  Chcm,,  Vol.  xxvii.  (18H3),  p.  4^4. 

'  F.  Mylius, '  Ztir  Keuntniss  daT  PettcDkofer'scben  Gsilenuare-reftotion.'  ZexUekri^ 
fiir  phy*iol.  ChemU,  Vol.  xi.  (1BH7),  p.  492. 

*  T.  tJdrannzkv,  *  Ueber  Furfurolreaktiouen.'  ZtiUehrift  f. phy$ioL  ChtmU,  Vot  il 
f,  p.  365-3^5,  and  Vol.  xiit.  (1889).  p.  348. 
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i  When  a  solution  in  which  Pettenkofer's  reaction 

kotnun 
ftofto's 


""^^""^    has  been  developed   is  examined   spectroscopically,  if 


the  concentration  be  great  the  whole  of  the  violet  and 
blue  rays  are  absorbed  and  a  marked  absorption  band 
P  occupying  the  interspace  between  b  and  £  and  extending 
I  E  towards  D;  the  centre  of  this  band  is  about  \527;  a 
&inter  shade  may  be  seen  on  the  refrangible  side  of  D,  the 
'of  whicli  coiresponda  approximately  to  \58o.  If,  by  the 
p  of  alcohol,  we  dilute  the  liquid,  or  if  we  examine  a  thimier 
B,  as  the  absorption  of  the  more  refrangible  end  of  the 
km  diminishes,  a  band  on  the  violet  side  of  Z'  is  seen,  the 
of  which  corresponds  approximately  to  X  487,  It  is  the 
sorption  bands,  near  E  and  near  F  which  characterise  the 
!>a     See  Plate  11.  (Spectrum  6). 

i  products  of  decomposition  and  the  means  of  determining 
tu)lic  acid  in  the  bile  will  be  considered  in  the  sequel. 

Ii 

\  Hyoglykockolic  acid,  C^H^NO^. 

I  acid  is  chai-acteristic  of  the  bile  of  ttie  pig^  in  which  it  exists  in 
ition  with  sodium  and  was  first  investigated  by  Gundlach  and 
r*  and  afterwards  by  Strecker* ;  by  theso  obucTvurs  it  wna  desig- 
jrocholic  acid*. 

I     of  Decolourised   pig's   bile   is  saturated  with   crystallised 

!■•  GodiuDi  sulphate,  which  precipitates  the  Hodium  comjK)und 

lykocholic  acid.  The  precipitate  is  washed  with  satui-ated  solution 
Em  sulphate,  dissolved  in  alcohol,  precipitated  with  ether,  ami  the 
j  precipitate,  aft-cr  solution  in  water,  is  treated  with  hydroohJoric 
lich  causes  the  sepanttion  of  the  bile  acid.  The  process  may  be 
id  by  directly  dissolving  to  Hodiuni  sulphate  precipitate  in  water 
ing  hydrochloric  acid  to  the  sulutiou. 

L^  Ilyoglykocholic  acid  has  not  been  hitherto  obtained  iu 

r  the  crystalline  form  ;  it  is  a  white  resinous  body  insoluble 

ly  slightly  soluble  in  ether,  but  readily  soluble  in  absolute  alcohol, 


ihlakoff  und  J.  Bogomoloff,  *  Untcrschici]  zwischcn  der  Petteakof^r'sclien 
Be-  nod  EiweisK-reaetiun  *  (aua  d.  kliu.  Laborat.  d.  Herru  Pruf.  Butkin  iu 
^rgh|.  CmtralhUm  <L  med.  U'Utemrhaft,  1868,  j).  529—631.  Thin  pftjier 
aocurate  descriptiou  of  the  tspt-otntm  of  Pettenkofur's  reaction.  A  second 
"  BogomolnlY,  '  Ueber  dio  SpectralpigeiiBcbHfton  der  Gmelin'schon  Itetkction 
li  der  Oallenf'iiare  Chromogene.  und  der  PetteDkGfer'Bche  Prol>d*  {Centmlbtatu 
^),  is  fall  of  erroneoua  fltntemeQtR  conceminK  the  f^pcctrum  of  Peitenkofer*8 

k  Scheuk,  'Pie  modilicirte  Pettenkofer'ache  Ualleuprobe.'     Anat.  phyniol. 

fengen  von  J.  L.  Sohenk.     Wien,  BraamUUer,  187S.    Abstracted  in  Ntely's 
ht.  Vol,  II.  (1874).  p.  232. 
U  MaoMnnn,  'Studies  in  Medical  Hpectrosoopy.*    Dub.  Joum.  Med,  Science^ 
\The  Speetroteope  in  Mfdicim,  London,  1880.  p.  165. 

iSlach  and  Strieker,  *  UnteraachuuK  der  Scbweinegalle.*  Liebig's  Annalen, 
|(1M471.  p.  205-232, 

Isker,  'Beubuchtungen  Uber  dieGalleTerachiedener  Thiere.*   AututUn.Voi.LXX. 
14©— 197. 
b  vt,  pig.  and  x^Mt  bile.  . 
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the  alcoholic  solution  posMssing  a  bitter  taste.     The  alkaline  ults  ut 
soluble  in  water ;  the  Halts  which  it  forms  with  the  alkaline  earths  and 
heavy  metals  are  ins«)luhlct  in  water  but,  for  the  mo«t  part,  are  soluble 
alcohol.     The  alkaline  hyoglykocholates  are  almost  completely  precipiut 
when  their  sohiciona  are  Hatui'ated  with   NaCI,  NH^Cl  anil  by  alkaliu-^ 
sulphates. 

Wlien  boiled  with  alkalies  or  dilute  sulphuric  acid,  hyoglykocholic  add 
splits  up  into  glycocoU  and  hyocholalic  acid  CjaH^^O,. 

According  to  Jolin',  pig's  bile  contains,  in  addition  to  Strecker's  add,  k 
second  one,  also  amorphouH,  to  which  the  name  of  )3-hyoglykocbolic  sod 
has  been  assigned. 


Taurocliolic  acid,  C»HaNSO,. 

This  acid  occurs,  though  in  smaller  quantities  than  glykochoUc 
aciil,  iu  the  bile  of  the  ox,  the  aheep  and  other  herbivorous  animals. 
It  is  the  sole  bile  acid  present  in  the  bile  of  the  dog ;  in  that  of  man 
it  is  occasionally  absent  (Jacobsen),  and,  if  present,  its  amount  is 
subject  to  great  fluctuations.  It  occurs  in  the  bile  in  combinatioa_ 
with  sodium. 

Modes  of  pre-  1.     Bi/  Plattners  process  from  the  bile  of  the 

paration.  Strecker  found  that  when  the  bile  of  the  dog  is  sul 

jected  to  the  procca.s,  which,  when  applied  to  the  bile  of  the  ox 
yields  the  so-called  crystallised  bile,  it  likewise  furnishes  a  crystalline 
precipitate  which,  he  surmised,  consisted  of  an  alkaline  taurocholate 

Hoppe-Seyler'  not  only  confirmed  (he  observatinn  but,  by  de- 
composing the  salt  precipitated  by  ether  from  the  alcoholic  extract 
of  dog's  bile,  obtained  taurine  and  cholalic  acid  and  further  proved 
that  the  speciiic  rotation  of  the  taurocholic  acid  of  the  dog  agreed 
with  that  of  the  acid  in  ox  bile.  J.  Parke',  working  under  Hopp€- 
Seylers  direction  iu  Tubingen,  repeated  these  obsei-vatious.  Ihi' 
crystalline  etheix*al  precipitate  of  dog's  bile  was  dissolved  in  wattr. 
precipitated  with  lead  ocetaie  and  a  little  ammonia;  the  precipitaw 
was  well  washed,  then  boiled  with  absolute  alcohol,  the  alcoholic 
solution  filtered  hot,  the  filtrate  treated  with  HyS  as  long  as  » 
precipitate  of  PbS  separated,  again  filtered,  the  filtrate  concentrated 
at  a  moderate  temperature  and  then  precipitated  by  a  great  excess 
of  ether.  The  syrupy  precipitate  consisting  of  free  taurocholic  ucidi 
after  some  time,  became  converted  in  great  part  into  needle-shaped 
crystals  po^isessing  a  silky  lustre ;  even  after  the  prolonged  action 
of  ether,  a  portion  of  tlie  precipitate  refused  to  crystallise ;  on  the 
addition,  however,  of  a  drop  or  two  of  alcohol,  the  whole  crystallised. 

1  S.  JoUd,  'Ueber  die  Sauron  der  Schweinegalle.'  ZeiUchrifl  f.  pk}f$ivl,  Ouwin 
Vol.  XI.  (1887).  D.  417 :  Vol.  xn.  (1888).  p.  512,  and  Vol.  xiu.  (1889),  p.  206. 

'  Hoppe-SoyW.  Journ.f.  prakt.  Chemie,  Vol.  Lxxxrii.  |l8fi3).  p.  83. 

'  J.  Farke,  '  Ueber  die  TauroohoLftaure.'  .VtrJ.  CliemUck.  Untfrtuckvngtn  nuM  dem 
Lab.  far  angetcandtt  Clumie  iu  TObingen,  herausifegebea  voo  Dr  F.  0,  Hoppe-S«yler . 
Erete's  HeiU    BerUu,  l^G.     See  pp.  160  and  161. 
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t.    From  ox  bile  by  precipitation  with  basic  lead  acetate.    Having 
leans  of  neutral  lead  acetate  precipitated  the  whole  glykocholic 
(see  page  295)  a  further  a<.ldttiou  of  solutioa  of  lead  acetate  aud 
cf  ammonia  causes  the  precipitation  of  lead  taurocholate. 

This  precipitate  is  treated  exactly  as  was  directed  in  the  case  of 
the  corresponding  salt  of  glykocholic  acid.  The  acid  obtained  in  this 
vay  is,  however,  amorphous. 

PhyaicAiMid  Taurocholic  acid  can,  as  has  already  been  stated, 

tbemicai  pro-  be  obtained  in  a  crystalline  condition,  though  with 
'•"^•^  much   greater   difficulty  than    glykocholic   acid.     The 

Qeedle-ahaped  crystals  rapidly  deliquesce  in  air;  they  are  readily 
soluble  in  water  and  alcohol,  the  solutions  having  a  strongly  acid 
reaction.  On  evaporating  the  a(]ueous  solution  to  dryness  it  under- 
goes decomposition.  Solutions  of  taurocholic  acid  possess  a  bitter- 
sweet taste.  Both  aqueous  aud  alcoholic  solutions  are  dextrogyrous. 
the  rutatory  power  of  the  latter  being  greater  than  that  of  the  former. 
Sp.  Rot.  (a)D  of  taurocholic  acid  in  alcoh.  sol.  =  +  25~'0'. 

The  alkaline  salts  of  taurocholic  acid  are  neutral,  possess  a  taste 
which  is  first  of  all  sweet  and  then  bitter,  are  hygroscopic,  readily 
soluble  in  water  and  alcohol  Their  af|iieous  solutions  foam  like 
itolutioDs  of  soap.  Solutions  in  absolute  alcohol  are  precipitated  by 
a  large  excess  of  ether.  The  solutions  of  the  alkaline  salts  are 
more  stable  than  the  free  acid,  so  that  they  can  be  evaporated  to 
diynese  without  undergoing  decomposition.  When  acetic  or  any 
mineral  acid,  is  added  to  the  soUition  of  a  pure  taurocholate,  neither 
tiirbidity  nor  precipitation  follows.  Solutions  of  alkaline  tauro- 
cholate dissolve  and  emulsify  small  quantities  of  neutral  fats;  they 
possess  the  property,  which  is  probably  of  great  physiological  imp>rt- 
iflce,  of  holding  small  quantities  of  cholesterin  iu  solution. 

Aqueous  solution  of  taurocholic  acid,  or  solutions  of  the  alkaline 
Sftlts  of  taurocholic  acid  if  acidified  with  dilute  hydrochloric  acid 
ooinpletely  precipitate  solutions  of  albumin,  of  acid  albumin  and  of 
parapeptone  (antialbumat).  Solutions  of  albumoses  and  of  peptones, 
«a  the  other  hand,  throw  down  the  acid  itself  in  the  form  uf  a  milky 
precipitate*. 

Potassium  taurocholate  CatH^KNSO,  is  iu  many  fishes  the  only 
Uarocholate  present  (Strecker). 

Sodium  taurocholate  CaiH^NaNSO,,  of  which  the  properties  have 
already  been  described^  has  in  alcoholic  solution  a  specitic  rotation 
»D  ==  +  24-5  (Hoppe-Seyler). 

Products  of  Taurocholic    acid    aud    its    salts   are   much   more 

lecompOTition.  unstable  than  glykncht»lic  acid  and  its  salts.  When 
leated  with  alkalies  or  with  acids,  it  yields,  therefore,  much  more 
aadily  the  primary  products  of  decomposition  or  derivatives  of  these. 

'  Farke,  op.  eit.  p.  161. 

*  B.  Mftly  a.  F.  Emich.  'Ueber  das  VcrhulteD  dor  CraLltiOBliuren  za  Eiwciss  und 
sptoDcn,  Ac'     ^lonat.f.  Chfmie,  Vol.  4,  1883,  pp.  81^—120. 
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Boiling  with  saturated  baryta  water  or  still  better  heating  iu  i 
sealed  tube  with  the  same  reageat,  at  the  teaiperature  of  boiliag 
water,  causes  taurocholic  acid  to  split  up  into  taurine  and  cholalic 
acid,  thus : —  ~ 


Tfturocholio  acid. 


CiioUilic  acid.        Taurine. 


When  exposed  to  the  air,  as  well  as  in  the  alimentary  canal. 
under  the  influence  of  putrefactive  organisms,  a  similar  decomposition 
occurs. 

Becosnition  Like    glykocholic    acid,   taurocholic    acid   exhibits 

of  tauroclioUc    Petteukofer's  reaction. 

**^**-  In  a  mixture  of  bile  acids  both  the  presence  and  the 

amount  of  taurt>choIic  acid  are  determined  by  fusing  with  a  mixture 
of  sodium   carbonate  and   saltpetre   and   determining  the  pi 
and  the  amount  of  the  sulphuric  formed. 

HyotaurochoUc  acid,  C»H„NSOfl. 

This  acid,  which  was  formerly  known  as  hyocboleic  acid  (Sti       

is  the  sulphur-coiituiniiig  acid  of  pig's  hile.  It  has  not  hitherto  bwo 
obtained  in  n  pure  condition.  When  boilod  with  alkalies  or  dilute  acids 
it  yields  a.s  [jroducta  of  decomposition  taurine  and  hyocholalic  acid,  C„H^O, 
(see  p.  307). 


Chenotaurocholic  acid,  CsbH^^NSOb  (?). 


iiiSW 


ThJR  acid,  which  is  prcflcnt  in  the  bile  of  the  goose  ,  was  first 
tigated  by  Ileintz  and  Wislicenus*  and  then  by  Otto'.  It  exists  in  t!tf 
bile  AS  n  sodium  salt.  It  ia  sepamted  by  the  method  which,  with  ox  biK 
yields  Plattner'a  crystallised  bile  ;  the  ether  precipitate  is  however,  in  the 
case  of  tlie  bile  of  the  gooKO,  at  first,  amorphous.  It  is  washed  with  f- 
concentrated  solution  of  sodium  sulphate,  drii^d,  dissolved  in  abrolaK 
alcohol,  and  the  clear  liltered  solution  is  jirecipitated  by  means  of  elhef 
(which  contaiua  water).  In  the  course  of  time  small  rhombic  tables  o' 
sodium  chenotiiurocholate  separate,  which  when  dried  at  140' C.  have  the 
composition  CsH^gNaNSOg. 

The  salt  is  dissolved  in  water,  the  solution  precipitated  with  basic  \ed 
acetate,  the  precipitate  sus|>ended  in  alooliol,  decomposed  by  nieaas  of 
H^S  and  filtered.  The  filtinte  on  evaporation  leaves  the  acid  as  an  anior- 
phcms  residue,  soluble  l>oth  in  water  and  alcohol. 

When  lioiled  with  hariutn  hydrate,  chenotaurocholic  acid  yields  laurio* 
and  chenocholalic  acid,  Oy;H.^flt. 


'  Hence  the  name  (x^*-,  o  Rnd  tJ,  gander,  f^oosc). 

*  Heintz  u.  WisHcenue,  Pogn.  Ami.,  Vol.  cviii.  p.  647 

*  Otto,  ZeiUch.J.  Chemit,  IHQS,  p.  698. 
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Sect.  6.    The  Acids  resulting  from  the  Decomposition  of 
^  THE  Conjugated  Bile  Acids. 


1.     Ckolalio  Acid,  C^H^O^.     Syn.:  Cholio  Acid. 

This  acid  is  not  a  constituent  of  fresh  bile  ;  it  is  found,  however, 
in  decomposed  bile,  and,  in  minute  qiiantiticK,  in  tlie  contents  of  the 
small  and  large  intfstiuc  and  in  tlie  faeces.  As  has  already  beiiu  said, 
itischietiy  kuown  as  the  product  of  the  decomposition  of  the  aonnal 
bile  acids  by  alkalies  or  acids. 

Xodes  of  In   the   preparation   of  cholalic   acid,   alkalies   are 

pvan-tion.  preferable  to  aoidH,  inasinucli  as  with  the  former  the 
process  of  decomposition  of  the  bile  acids  is  better  under  control. 
When  acids  are  employed,  cholonic  acid,  an  anhydride  of  glyko- 
cholic  acid,  is  apt  to  be  formed  (see  p.  297),  and  at  a  later  stage 
dyslj-siu,  au  anhydride  of  cholalic  acid. 

1.  By  the  Action  of  Cavstic  Bari/ta  on  ox  bile^,  500  c.c.  of 
bile  are  treated  with  7o  grms.  of  barium  hydrate  and  the  mixture 
boiled  for  24  hours,  on  a  aaud  bath,  in  a  flask  furnished  with  an 
inverted  condenser  (see  Fig.  20,  p.  309).  The  litpiid  is  allowed  to 
cool  and  filtered.  ConcentratotI  hydrochloric  acid  is  then  added, 
vhich  decomposes  the  barium  cholalate  and  throws  down  impure 
cholalic  acid.  The  precipitate  is  thoroughly  knea<.ied  in  water,  and  is 
dissolved  in  solution  of  caustic  soda  ;  it  is  then  mixed  with  30  grms. 
of  pure  animal  charcoal  with  which  it  should  remain  in  contact  for 
Wtne  days  ;  the  liquid  is  filtered, again  precipitated  with  hydrochloric 
add,  thoroughly  washed  with  water  and  dissolved  in  the  smallest 

Kble  quantity  of  hot  alcohol.  The  alcoholic  solution  is  treated 
water  until  turbidity  appears.  On  tlie  liquid  being  cooled, 
cholalic  acid  separates  in  the  form  of  lianl  transparent  tetrahedra 
wd  in  clumps  of  radiating  needles. 

2,  By  Boiling  Ox  Bile  tmth  Caustic  Soda^.  Ox  bile  is  mixed 
^ih  one-fifth  its  weight  of  a  30  per  cent,  solution  of  sodium  hydrate 
Md  is  boiled  for  24  hours,  as  in  process  1.  The  liquid  is  then 
saturated  with  CO,  and  evaporated  almost  to  dryness  ;  the  residue 
13  extracted  with  strong  alcohol,  which  tlissolves  the  sodium  salts 
•>f  cbolalic  acid  as  well  as  those  of  choleic  and  stearic  acids.  The 
folution  is  then  diluted  with  water  until  the  quantity  of  alcohol  in 
*t  does  not  exceed  20  per  cent.,  and  a  dilute  solution  of  barium 
chloride  is  added  so  lonj^  us  a  precipitate  occurs,  which  ia  then 
separated  by  filtration.  The  filtrate  should  yield  no  further  pre- 
'^piiate  with  barium  chloride  ;  to  it  is  then  added  hydrochloric  acid 
*nich  precipitates  the  cholalic  acid.     The  fluid  with  the  precipitate 

'  P.  Uyliua.  *  Notiz  jiber  die  D&rateUung  und  ZuuaiuiueDsHitzung  der  Clioliuiure.' 
"/(Mfcn/f /.  phyaioU  Ch^m.,  Vol.  in.  p.  262. 
'  UjUiu,  op,  ciU 


SM 


CHOLALIC  ACID. 


[book  H. 


is  set  aside,  when  it  becomes  crystalliDS ;  it  is  purified  bj  beiog 
recrj'stallised  from  its  solution  in  ethyl  alcohol,  and  finally  from  iu 
solution  in  methyl  alcohol. 

Pbysic&iand  Cholalic   acid   may  be  obtained  in  the  crystailiDe 

ctaeniloai  pro-  form,  either  anhydrous  or  with  one  molecule  of  water 
pertivi.  qC  crystallisation. 

From  its  solutions  in  ethyl  alcohol  it  separates  in  the  form  of 
colourless,  transparent  totrabedra  or  octahedra,  having  the  com- 
position C^H^Oj+C,HO.  Analogous  crystalline  compounds  with 
methyl  and  allyl  alcohols  respectively  are  obtained  when  it  is 
crystallised  from  solutions  in  these  bodies.  It  also  forms  compouudi 
with  the  volatile  oils  of  mustard.  ~ 


Fio.  19.     Choxjujc  Acta. 


Cholalic  acid  is  very  sparingly  soluble  in  cold  water  requirii 
■WXfO  times  its  weight  for  sohuiou.  It  is  soluble  iu  750  imrts 
boiling  water;  the  acid  which  separates  from  the  solution  on  coolii 
is  anhydrous  and  occurs  in  microscopic  crystals.  From  solutions  iB 
dilute  noetic  acid,  cholalic  acid  aepirates  in  rhombic  plates  containing 
one  molecule  of  water  of  crystallisation.  The  water  of  crystallisatiou 
is  expelled  by  long  continued  heating  at  100' — 120'  C.  The  water- 
free  acid  melts  at  195  C.  Cholalic  acid  is  very  sparingly  soluble 
in  ether;  1000  parts  of  70  per  cent,  alcohol  dissolve  48  parts  of  the 
acid.     It  is  somewhat  soluble  iu  glycerin  and  in  almond  oil 

Solutions  of  cholalic  acid  posses  the  bitter-sweet  taste  which 
characterises  tht*  conjugated  bile  acids.  Cholalic  acid  iu  the  free 
condition,  as  well  as  in  combination  with  bases,  is  dextrogyrous. 

Cholalic  acid  forms  crystalline  salts  with  the  alkaline  metals, 
which  are  readily  soluble  in  water  but  less  so  in  alcohol.  From  » 
watery  solution  which  is  not  too  dilute  they  are  precipitated  io 
a  crystalline  form  by  the  addition  of  ether.  The  sodium  salt. 
C^jH^NaO^has  the  specific  rotation  (o)D  =  -I-  3r  4.  The  barium  salt 
(C^H^O^^a  crystallises  in  silky  needles,  and  is  soluble  in  30  parts 
of  cold  and  23  parts  of  boiling  water ;  it  is  still  more  soluble  jd 
alcohol.     The  ready  solubility  of  barium  cholalatc  is  taken  advantage 
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of  in  separating  it  from  the  higher  members  of  the  fatty  acid  series, 
The  lead  and  silver  salts  are  iusolublu  iu  water  but  soluble  in  hot 
ftlcohoL 

iruiu'B  lodisft  Cholalic  acid  forms  with  iodine  a  remarkable  com- 
aaflipoand.  pound,  which  furnishes  us  with  a  reaction  by  which  we 

can  distinguish  it  from  the  conjugated  bile  acids,  as  well  as  from 
Dtber  acids  closely  connected  with  cholalic  acids,  as  choleic  acid  and 
bjocholalic  acid. 

0"02  grm.  of  crystallised  cholalic  acid  dissolved  in  O'o  grm.  of 
licobol  is  treated  with  one-tenth  of  a  c.c.  of  decinormal  solution  of 
iodine,  and  water  is  then  very  gradually  added  to  the  solution. 
Tbe  liquid,  which  was  at  first  brown,  becomes  pervaded  by  a  magma 
of  microscopic  needles  which  by  reflected  light  exhibit  a  metallic 
lustre,  and  by  transmitted  light  appear  of  a  blue  colour.  This 
compound,  like  the  compound  of  starch  with  iodine,  is  dissociate<l 
With  remarkable  facility  by  heat*  and  the  addition  of  water  suffices 
to  break  it  up  into  iodine  and  cholalic  acid. 

Considerable  difference  of  opinion  has  existed  as  to 
the  empirical  formula  of  cholalic  acid.  LatschinoflT^ 
maintained  that  the  formula  of  the  acid  should  be 
CgH^O,  instead  of  C„H^oO^,  the  funnula  baaed  on  Strecker's 
Tesearches.  Mylius*,  however,  from  hia  own  very  elaborate  an<l 
conclusive  researches,  as  well  as  from  the  analyses  of  cholalic  acid 
made  by  Strecker  and  by  Schotten'  conclusively  establishes  that  the 
empirical  formula  C_^H^Og  agrees  much  better  with  experimental 
ftwts  than  the  formula  proposed  by  Latschinoff. 

Acuonofoer-  1.     Dehydrochololic  acid,  CmH^Os.     By  the  action 

J^  oxidiAinff  ^f  ^  jQ  pgj,  cent,  solution  of  chromic  acid  on  a  10 — 
Uicadd.  ^^  P-^'  •^'^'lut^^J"  *^f  cholalic  acid  in  glacial  acetic  acid, 

at  ordinary  temperatures.  Hararaarsten*  obtained  the 
*cid  to  which  he  assigned  the  name  dehydrocbolalic  acid ;  this  acid 
■r}'stallises  from  alcohol  in  the  form  of  needles.  It  does  not  give 
^ettenkofer's  reaction.  Its  alkaline  salts  dissolved  in  alcohol  are 
*r©cipitated  by  the  addition  of  ether  and  furnish  a  crystallisation 
esembling  Plattner's  crystallised  bile. 

^Jhe  sodium  salt  in  aqueous  solution  has  a  speciflo  rotation 
■  (a)D  =  +  27'=*G4. 


Empirical 
fomula  of 
cholftUc  add. 


*  P.  TiAtdchinofl,  *  Ueber  die  OallenBauren.'  Ber.  d.  d.  chem.  Gesdheh.,  Vol.  ix. 
^T|,  1043 — 1053;  *  Ueb«r  die  empiriHche  Formd  der  Cholaaure.*     Ibid.  Vol.  xx.  p. 

■  F.  Mjrliua,  *  Ueb«r  die  Cholsaure.'     Ihid.  Vol.  xx.  19ft8  et  »eq. 

*  C.  Uchotten,  '  Zur  KenDtnisn  der  fiHllenHauren.*  ZeiUtf.hrift  f.  phyiiol.  Chemie, 
ol  x.  (1886),  pp.  175—217.     Refer  to  '  II.  Taurooholsiiare,'  pp.  190  and  191. 

*  0.  HammaniteD,  'Ueber  I>ehydroobolalsaare  ein  neues  Oxydationnprodact  der 
bolal*aQr«.*  Not^a  Acta  Reg.  Soc.  Scient.  Vpnal.,  Serio  iii.  1881.  A  full  abstract  of 
e  paper  by  its  author  appeared  in  Maly's  Jahresbtricht,  Vol.  xi.  (1882),  pp.  313 — 315. 
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2.  Bilic  Acid»  Cj4H»40g.  By  the  action  of  potassium  did 
mate  aud  sulphuric  acid  on  cholalic  acid  Cl^ve'  obtained  bilic  i 
— an  acid  which  is  devoid  of  bitter  tuste,  which  does  not  ext 
Pettenkofer's  reaction,  which  is  sparingly  soluble  in  water  but 
soluble  in  alcohol,  and  separates  from  its  alcoholic  soluti< 
crystals  belonging  to  the  rhombic  system.  Its  speciiic 
(a)j  =  + 47^-4. 

stmctora]  According  to  Mylius  cholalic  acid  may  be 

fbnnuia       of    sented  by  the  formula, 

|CHOH 


(CH,OH), 
UOOH. 


ebolallo  add 
and  Its  rela- 
tion to  dehy- 
drooholallc 

a^  and  buic  -j-lus  formula  does  not  attempt  to  explain  the  stroj 
of  the  nucleus  of  cholacic  acid,  but  to  indicate 
cliolalic  acid  is  a  monobasic  acid  in  which  ore  two  prj 
alcohol  groups  and  one  secondary  alcohol  group.  The  hypoth< 
relation  according  to  Mylius'  between  cholalic  acid  and  its  deriva 
is  exhibited  in  the  three  subjoined  structural  formulae  (My 
filigbtly  modified  by  Neumeister*): 

Cholalic  acid. 


Dehydrocholalie  acid. 


COOH 


CH,OH 


CkHj 


COOH 


0 


0*,Hj 


CHX)H 


CHOH 


Jo 


Bilic  acid. 
COOH 

COOH 


C»»H«COOH 


CO 


CO 


Dflsoxychola- 
Uc  add,  a  pro- 
duct of  the 
reduction  of 
cholalic  acid. 


From  bile  which  had  been  decomposed  by 
action  of  putrefactive  bacteria,  Mylius*  separate* 
addition  to  cholalic  acid,  an  acid  with  tbe  compos 
C^HjoO,,  to  wliich  he  assigned  the  name  desoxjch( 
acid,  indicating  that  it  dififers  from  cholalic  aci 
containing  loss  oxygen.  He  also  obtained  this  acid  by  cat 
sodium  choialatc  to  digest  for  some  days  at  about  40"^  C.  with  de 
posing  pancreas. 


t 


»  P.  T.  Cleve,  '  Sur  les  produits  d'oxydfttion  de  I'ftcide  cholaliqne.*  Bull 
Chimiqiie,  Vol  xxxv.  373—379,  429— *38.  Abstracted  iu  Malj'e  Jahre^bfricht.  "V 
(188*2),  p.  :-116.     The  Author  has  not  seen  the  original. 

*  MyliuB,  •  Ueber  die  ChoUiiare.'    Ber.  d.  d.ehem,  OettUtch.  Vol.  ax-  p.  I90d 
>  NenineisteT.  Lehrhuch  d^  phytiologischen  CActhiV,  Enter  Theil,  1393,  see  p. 

*  IdyUua,  *  Uuler  die  Choloiure.' 
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This  acid  possesses  a  pure  bitter  taste,  devoid  of  the  sweet  taste 
ivhich  is  characteristic  of  cholalic  acid  and  the  conjugativo  bile  acids. 
[t  its  much  mure  readily  soluble  iu  cold  alcohol  than  cholalic  acid. 
Dd  spontaneous  evaporation  uf  the  alcoholic  solution  a  syrupy  residue 
I  obtained  which  slowly  crystallises.  The  acid  melts  at  temperatures 
lietween  160"  and  170".  Its  alkaline  salts  are  readily  soluble  in 
iivater  but  possess  a  character  which  dijstiuguishcs  them  from  the 
ilkaline  cholalates,  viz.  they  are  precipitated  from  their  solutions  in 
in  oily  form  by  the  addition  of  10  per  cetit.  solutions  of  sodium 
[jji*drate.  The  barium  salt  of  this  acid  dissolved  in  very  weak 
nlutiuns  of  ammonia  is  precipitated  in  the  cold  by  barium  chloride. 

Anhydrides  of  Cholalic  Acid.  When  bile,  or  one  of  the  bile 
icida  (preferably  cholalic  acid),  is  subjected  to  long  continued  boiling 
"ith  hydrochloric  acid,  or  whi'u  cholalic  acid  is  heated  to  300"  C. 
Strieker*),  or  according  to  Hoppe-Seyler'  only  to  200" C,  a  dark» 
'tsinous  body  is  obtained,  which  is  insoluble  in  water,  alcohol,  dilute 
wills  and  alkalies,  but  which  is  sparingly  soluble  in  ether  and  soluble 
Q  aqueous  solutions  of  cholalic  acid  and  its  alkaline  salts.  This 
KxJy  which  received  its  name  from  Berzelius,  who  first  obtained  it 
Q  ao  impure  condition,  and  was  £rst  investigated  by  vStrecker,  is 
iyslysin  and  has  the  cotu}M>sitioii  C^oiHagOj.  The  body  is  obviously 
Q  anhydride  of  cholalic  acid,  from  which  it  differs  by  containing  two 
Molecules  less  of  water,  and  into  which  it  can  be  reconverted  by 
oiling  for  an  hour  with  an  alcoholic  solution  of  potassium  hydrate, 
'hen  it  passes  into  solution  ;  this  reconversion  also  i>ccurs  on  fusion 
'itii  potassium  hydrate.  From  the  potassium  cholalate,  thus  re- 
enerated,  pure  cholalic  acid  can  be  obtained. 

CktAoidic  Acid  Cj^H^Oj  ^  ?  By  this  name  has  l>een  descriht^d  and 
ttalyjied  by  several  chemists*  a  substance  obtained  by  the  actimi  of  acids 
0  cholalic  acid,  of  which  the  composition  nearly  agreas  with  ihv.  fonnnla 
I^H^Oj,  presumably  an  anhydride  of  cholnlic  acid,  differing  from  it  by 
ontainiug  one  molecule  less  of  water,  whilst,  as  we  have  seen,  dyalysin 
Dtilaina  two  moleculea  less.  Hoppe-Seyler*  lias  shewn  that  it  is  impos- 
ible.  by  the  means  which  were  employeil  to  separate  it,  to  obtain  u  pure 
obntiince,  and  he  has  shewn  that  choSoidic  acid  ia  a  mixture  of  dyalysin 
nd  cholalic  acid,  and  that  the  chidoidatos  are  chulalates  mixed  with 
yiilyain.  Prohahly,  however,  as  HoppivSeylor  j>oint«  out,  such  an  ardiy- 
ride  as  choloidic  acid  (C„H3,0^)  actually  exists,  though  no  proof  of  the 
•ct  has  hiUierto  been  furnishBd. 

^L  Hyocholalic  Acid,  Cj^H^^O,. 

^l  obtained   hy  decomposing  hyoglycocholic  acid  by  boiling  it  with 
*rinm  hydrate.      It  lius  been  obtained  in  the  form  of  warty,  crystalline 

'  From  Svs  and  Xtjo-ii ;  no  called  hecanBe  of  ilR  insolnbility  la  wat«r  and  alcohol 

*  HtTMker,  Annalen,  Vol.  Lxvn.  {1H48),  p.  1  et  teq. 

*  Hoppe-Seyltn'  quoteJ  by  Maly,  Hermann's  Handbueh^  Vol.  v,  u.  p.  139, 

*  Hoppe-Seyler,  Physioloi/i»ctu  Chtmie,  p.  291. 
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maKses,  which  arc  readily  soluble  in  alcohol  and  ether,  but  not  in  w«ter. 
It  exhibits  Pettenkofei-'s  reaction.     When  boiled  with  hydrochloric 
it  yields  an  anhydride,  hyodyslysin  CX^H^O,. 

Chenockolalic  Acid,  C„H^O^. 

Is  obtained   by  decom|>osing  taiirochcnocholic  acid    by    boiliog 
barium  hydrate.     The  acid  occurs  usually  in  a  resiuous  forca,  but  hii£ 
obtoiited  in  orystalH  by  adding  wat^r  to  Uio  alcoholic  solution,  tb»  ciyst&I- 
lisation  taking  place  after  a  long  period, 

Chenocholic  acid  ia  insoluble  in  water,  but  readily  soluble  in  alcohol 
and  ether.     Its  barium  salt  (O^H^O^XBa  is  insoluble  in  water.     Cb< 
cholalic  acid  exhibits  Fettenkofer's  reaction'. 

•   Fellic  Acidn 

Acc\>rding  U>  Schotton*j  there  ifl  obtained  by  the  deoomposition  of 
bile  acids  of  man,  in  addition  to  cholalic  acid,  an  acid  to  which  he  assij 
the  tbniiula  CjjHjnOj. 

Choleic  Acid,  C^H^O,.?/ 

According  to  LiUschinaflT,  when  the  bite  acids  of  the  ox  are  decom- 
poseH,  in  ttddition  to  normal  choUlic  acid,  there  is  obtained  an  acid  to 
which  he  has  assigned  tlie  above  name  and  formula,  and  the  barium  salt 
of  which  iH  insoluble.  Further  and  iudipendent  researches  are  needed 
order  to  prove  whether  this  acid  is  not  a  neooudary  product  and  whet 
the  above  formula  correctly  repreaenta  its  comjK>sitioD. 


Sect.  7.    The  Amidu-acids  which  result  from  the  decompo- 
sition    OF     THE    CONJUGATED    BiLE    AUIDS :     GlYCOCIXE    AXD 

Tauiiine. 

Glycocine'  (CsH^NO,). 
{Ainido-acetk  acid  CHsXNH,)COOH.) 


Oecorrence. 


Glycocine  has  only  been  found  uncombined  (O* 
0"7  per  cent.)  in  the  muscular  tissue  of  Pecten  irradii 
(Chittenden/.     It   is  obtained   as  a  primary   product   of  the  de^ 


'  Consult  on  Chenochol&lic  acid,  Heintz  u.  Wislicenus,  Poggtnd,  Annalm,  VoL 
cviii.  p.  547.     Otto.  Zeiuchrift  f.  ChentU;  1868,  p.  63o. 

*  Schotten,  •  Zar  Kenntniss  der  OallenflftuieD.*  ZnUchrift  f.  phynoL  Chrmk, 
Vol.  X.  (1886),  p.  175,  and  'Ueber  die  Sanreu  der  menachliohen  Galle.*  Ibid,  VoL  «. 
{1887),  p.  208. 

*  P.  LatBchinoff,  •  Ueber  eine  der  CholAAure  analoge  neue  Saure.*  Ber.  d.  i. 
chem.  fJaetUcK  Voh  xvni.  (1885).  p.  3039:  VoL  HX.  (188t>),  p.  1140  :  Vol.  m.  (1887), 
p.  1043. 

*  Originally  glj'cocoU  {yXvinrt,  swcot.  and  vtiXXa,  glue),  From  the  foot  of  its  bein|a 
Bweet  bridy  obtained  by  the  decora  pon  it  ion  of  gelatin©  (or  glue). 

>  Clulienden,  "Contributions  from  thuKhyffiehl  Laboratory  of  Yale  College,"  No.  55. 
From  the  American  Journal  of  Scie7ice  mid  Art,  Vol.  x.  July  1876.  The  Author  btf 
not  seen  the  originftl  paper,  of  which  a  long  abstract  appeared  in  Maly's  Jakraberk^ 
Vol.  T.  p.  204  €t  teq. 


CHAP,  iv!] 


OLYCOCINE. 


809 


composition,  bv  acids  and  alkalies,  of  glykocholic  acid,  of  hyoglyco- 
cholic  acid  and  of  hippuric  acid.  It  is  also  one  of  the  pruducts  of 
decomposition  obtained  when  gelatine  is  subjected  to  long  boiling 
with  barium  hydrate,  or  with  dilute  sulphuric  acid,  as  well  as  when 
it  undergoes  digestion  by  trypsin.  It  is  also  yielded  when  fibroin 
(one  of  the  constituents  of  silk)  is  subjected  to  Schutzcnberger's 
process,  and  when  spongin  is  boiled  with  dilute  sulphuric  acid. 

1.  From  glykocholic  acid.  Pure  glykocholic  acid 
is  ailded  to  a  saturated  solution  of  barium  hydrate 
and  the  mixture  boiled  in  a  flask  with  an  inverted 
condenser  for  eight  hours  (see  fig.  20).  The  liquid  having  been 
allowed  to  oool,  sulphuric  acid  is  added  to  it ;  this  precipitates  both 
choluhc  acid  and  barium.  The  filtrate  containfng  an  excess  of 
sulpburic  acid  is  heated  with  pure  barium  carbonate,  aud  then 
filtered.    The  filtrate  is  concentrated  and  set  aside  to  ci^stallize. 


of 
mptratloxi. 


FUUK.  PLACED   OK    SAMD   BATB,  AKD   FITTED   WTTB   AS   IKVEBTED    OOVDEXBBR. 


2.    From  hippuric  acid.     Glycocine  is  most  economically  as  well 
'most  readily  obtained   by  decomposing  hippuric  acid  (beuzoyl- 
*Wiido-acetic  acid),  by  boiling  it  with  hydrochloric  or  sulphuric  acids. 
LJ^  reaction  which  occurs  is  represented  by  the  following  equation  : 

Pra,.CO.NH,CH,.C0OH+H,0  =  aHa.CO0H  +  CH,.NH,.C0OH 


Uippanc  acid. 


Benzoic  aoid. 


^Vs«w\u%. 
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The  decomposition  should  be  effected  in  the  apparatus  shewn  in 
fig.  20.  One  part  of  Itippuric  acid  is  boiled  iu  it  for  10 — 12  hours 
with  four  times  its  weight  of  dilute  sulphuric  acid  (1  of  acid  to  6  cf 
water,  by  weight).  At  the  end  of  this  time,  the  contents  of  ihe 
fiask  are  poured^  with  coution^  into  a  capsule,  allowed  to  settle  for 
24  hours,  and  then  filtered.  The  benzoic  acid,  which  has  separauil 
out,  is  washed  with  cM  water,  the  filtrate  is  coucentrated  b; 
evaporation,  and  shaken  with  ether,  so  as  to  free  it  from  all  traces  of 
benzoic  acid;  the  acid  solution  is  then  largely  diluted  and  exactly 
neutralised  by  means  of  barium  hydrate  (or  by  heating  with  barium 
carbonate).  The  precipitate  is  allowed  to  settle,  washed  by  ile- 
cantatiou  with  boiling  water,  the  filtrate  concentrated  by  evaporation; 
in  the  event  of  au  excess  of  barium  hydrate  having  been  added,  CO 
is  passed  through  it,  the  liquid  boiled  and  then  filtered  auJ 
concentrated  until  crystals  commence  to  form  on  the  sur&ce. 
The  liquid  is  then  set  aside  to  crystallise  during  24  hours ;  the 
mother  liquid  is  separated  from  the  crystals  and  again  concentrated, 
the  process  being  repeated  so  long  as  crystals  continue  to  separate 
The  glycocinii  thus  obtained  is  purified  by  being  recrystallised  from 
water". 

Glycocino  Tnay  be  synthetically  obtaioed  by  varioMS 
gUoocSjM      °     methods.     The    most   interesting    is    perhaps   by  the 
action  of  anminnia  on  hromacetic  acid  or  on  chloracctic 
acid,  the  reactions  being  shewn  in  the  following  equations: — 

(1)  CH,.Br.COOH  +  NH,-CH,.NH,.COOH  +  HB, 

(2)  CH^Cl.COOH  +  2NHg  =  CH,.NH,.C0OH  +  NH.Cl 


Physical  and  Glycocine  occurs  in  fine,  hard,  colourless,  cryst 

chemical   pro-    m,a,|t,^i-e(i  by  exposure  to  air,  and  which  present 
form  either  of  rhombohedra  or  of  four-sided  pristns. 


pertlea. 
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Fm.  21.     Glycoctsb. 


■  Caution  is  needed  to  avoid  npurting,  as  when  the  hot  liquid  is  noared  into 
capaule,  the  heivMno  acid  nliich  bad  been  iu  a  meltvd  (oilj)  condition  suddenly  8oIidi£M> 
and  violent  ebullition  eniiQes. 

'  The  deecriiJtiun  of  thi^  prooesa  is  taken  almost  verbatim  from  Dreebflel*>  JnHt- 
tuHg  xur  Darttetlung  phifsioluguch-chemitcher  Vraeparate^  p.  9. 
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Qlycocine  possesses  a  sweet  taste ;  it  is  soluble  in  4'3  parts  of 
Mrater,  very  slightly  soluble  in  spirits  of  wine  and  insoluble  in  cold 
bsolute  alcohol  and  ether:    it  is  very  sparingly  soluble  in  boiling 
cohol.     Its   solutions  possess  an  acid   rcactioiL    When   lieated   to 
2^ — 236"C.  glycocine  becomes  brown,  evolves  gas  bubbles  and  melts. 
solution  of  glycocine  is  coloured  red  by  ferric  chloride. 

Compound!  Glvcociue  forms  compounds  with  acids,  with  bases, 

j-of  sb'cociae.        j^^jj  ^j^h  neutral  salts. 

1.  When  a  solution  of  glycocine  is  treated  with  an  excess  of 
of  HCl  and  evaporateil  on  the  water  bath,  it  yields  crystals  of  the 
hydrochlorate  having  the  composition  CHaNH^COOH,  HCl,  which 
are  readily  soluble  in  water  and  in  alcohol. 

2.  Boiling  solutions  of  glycocine  dissolve  freshly  precipitated 
cupric  hydrate,  and  deposit  on  cowling  dark  blue  needles,  which 
are  insohible  in  alcohol,  and  srthible  with  difficulty  in  cold  water, 
And  which  have  the  comp<>sitioij  represented  by  the  formula 
<CH/NH3)C00),Cu-l- H,0.  Similarly,  by  substituting  silver  oxide 
for  cupric  hvdrate,  there  is  formed  the  compound  having  the  com- 
position CH;(NH3)GOOAg. 

3.  Glycocine  forma  crystalline  compounds  with  chlorides,  nitrates 
and  sulphates.  The  following  are  examples : — CHa(NHa)COOH, 
AgXO,:    2(CH^NH,)COOH),BaCl,. 


Ketliods    of 

lOanUflcauon. 


Having  separated  glycocine,  it  is  recognised  by  its 

crystalline    form,    its    great    solubility    in    water,    its 

insolubility  in  alcohol  and  ether,  and  the  solubility  of  its  crystalline 

hydrochlorate  in  alcxthol.     F^urthcr»  if  the  quantity  of  the  body  be 

sufficient,  its  tiiste,  the  reaction  which  it  exhibits  with  ferric  chloride, 

'the  formation  of  its  Cu  compound,  and  its  decomposition  by  nitrous 

id,  with  evolution  of  N  (see  general  reactions  of  amido-acids,  p.  231) 

^■ill  furnish  confirmatory  evidence. 


TauHne,  CH.NSOa 
{0'Amido'€thyl-8ulphonic  acid,  H,N.CH,.CH,.SO,.OH). 


Oocarr«nc«. 


Since  taurine  was  obtained  as  one  of  the  primary 

products  of  the  decomposition  of  taurocholic  acid,  under 

he  influence  of  acids  and  alkalies,  it  has  been  shewn,  by  Limpricht 

»ind  by  Jacobsen,  to  occur  in  minute  quantities  in  the  muscles  of  the 

^orse  and,  by  Valenciennes  and  Fremy,  in  the  muscles  of  moUusca. 

3t  is  only,  however,  by   decomposing  bile   rich  in  taurocholic  acid 

that  it  can  be  obtained  in  any  quantity. 

Method  of  A  little  strong  hydrochloric  acid  is  added  to  ox-bile 

lireparatioii.       so  as  to  precipitate  its  mucoid  nucleo-albumin.     After 

I   this  has  been  separated  by  nitration,  a  little  more  strong  hydrochloric 

I  acid  is  added  and  the  liquid  is  then  boiled  for  some  hours  in  a  large 
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capsule.  Having  been  allowed  to  cool,  the  acid  supernatant  liquid 
dfcanted  from  the  hard  resinoid  mass  winch  adheres  to  the  boTtotui 
the  capsule,  and  is  further  concentrated  by  evaporation  and  then 
aside,  until  the  greater  part  of  the  sodium  chloride  in  solatioD  hu 
crystallised.  The  cooled  mother  liquor  is  then  treated  with  strong  l| 
alcohol,  which  causes  a  separation  of  taurine  mixed  with  some  s^^iuni  Id 
chloride.  The  substance  which  thus  separates  is  washed  Tiih  li| 
'absolute  alcohol,  dried  and  dissolved  in  the  smallest  possible  quanliiv  1^ 
of  boiling  water,  which  uu  cooling  deposits  taurine  in  fine  four-sid*?i  || 
prisms.  By  repeated  crystallisation  the  substance  is  obtained  fret  ||| 
from  all  traces  of  sodium  chloride\ 

Taurine  may  be  obUined  by  the  actioo  of  amtnoiiia  |K 
on  /3-cliIorethylsalphonic  acid. 


Synthetic 
formation. 


CH,Cl.CH,.SO..0H,  +  2NH,==CH,(NH,).CH,.SO,.0H 


^ehlorethjlBalphonio 
acid. 


AnudoethyLsulpbonio 
or  taorin. 

+  NH.Cl 


It  may  be  also  obtained  by  abiding  an  excess  of  sulphurous  and 
to  a  solution  of  viuylamiu  and  evaporating  on  the  water  bath. 


II 

CH  -  NH, 

Vinylamin. 


SO,.  OH 


H 


CH,-SO,.OH 
CH.  -  NH. 


SalphuroQS 
uvid. 


Taurine. 


Physical  and  Taurine  crystallises   in   colourless  shining  prisinSv 

^emicai  pro-    ^yi^i^h  are  oftuu  large  and  have  four  or  six  sides,    ll 
13  soluble  ia  from  15  to  16  parts  of  water  at  ordinarj 


pertlea. 


Fio.  22.    Crtstu-s  or  Taurine. 
(u)  ptire,     (b)   impure. 

^  Dr^ohsel,  AnUitang  xur  Darattltung,  i&o.,  p.  S5. 
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t;etuperatures  and  in  a  much  smaller  volume  of  boiling  water 
iosoluble  in  absolute  alcohol  and  in  ether. 

Taurine  is  tasteless  and  its  solutions  are  neutral  to  test  paper. 

When  boiled  with  HCl,  or  pure  HNO^,  it  is  not  decomposed; 
■when,  however,  it  is  boiled  with  a  stroug  alkaline  ley  it  evolves 
acetic  and  sulphurous  acids,  but  no  alkaline  sulphide  is  formed. 
When  fused  with  a  mixture  of  nitre  and  sodium  carbonate,  the 
sulphur  contained  in  taurine  is  oxidised  to  sulphuric  acid,  and  from 
the  amount  of  the  latter  formed  the  quantity  of  taurine  may  be 
determined. 

Metallic  salts  added  to  solutions  of  taurine  cause  no  precipitate. 
If,  however,  moist  mercuric  oxide  is  gradually  added  to  a  boiling 
solution  of  taurine  a  compound  of  taurine  and  mercuric  oxide  falls 
which  is  white,  almost  insoluble  in  water  and  quite  insoluble  in 
alcohol. 


Id«xitiflc&Uo& 
of  Taurine. 


This  depends  on  the  crystalline  form,  a  study  of  the 
I  solubility  and  the  determination  of  the  presence  and 

I     amount  of  sulphur  which  the  body  contains. 


Sect.  8.    The  Bile  Colouring  Matters. 


Historical  Introduction. 


The  colour  of  the  bile  attracted  tlie  attention  of  the  physicians 
of  antiquity  and  even  before  the  days  of  scientiric  chemistry  some 
observations,  not  wanting  in  accuracy,  had  been  made  on  the  changes 
which  the  colour  of  the  bile  undergoes  under  thp  intiuence  of  putre- 
faction, in  the  presence  of  air,  aud  under  the  influence  of  acids**'. 

Thenard,  early  in  the  century,  described  a  yellow  colouring  matter 


^^B^octo 


^  Refer  to  an  scoonnt  of  the  bile  in  Georg  Heuerman'B  lirr  Arsnry-Gctahrhtht 
r$  PU\ftiologit.  DritUir  Tbeil.  Coptnhageu  unci  Leipzig,  bei  Friedrioh  ChriBtian 
Pelt,  17S9.  "Das  merckwUrdigste  hiebey  ist,  daaa  selbige,  nie  der  Herr  Seger  Bcbon 
aagemercket  ('De  oitn  et  progresfia  bilifi  eysticac.  %  13')  daroh  Beymisahung  des 
Spiritus  nitri,  salis  und  Olei  TitrioU,  »o  beiionders  ifare  Farbe  verwandelt,  denn  mit 
dem  ersten  wird  ea  />w(  augenblicklich  griin.  Ac."  p.  7H6.  Heucrmann'a  book  is  one 
of  tbe  most  rezuarkaule  and  instructive  uf  tbe  phyaiolo(;ical  tn-atiflos  of  the  last  ccDtary, 
both  oo  account  of  the  acipiAintance  of  its  author  with  the  literature  of  bifl  time  and  of 
his  philoBophical  and  original  viewti. 

^  Haller  in  the  chapter  in  which  he  treats  of  the  action  of  acids  on  bile,  *  Ut  ee 
habeat  ad  acida,'  has  some  remarks  which  prove  conolunively  that  long  before  the  time 
of  Leopold  Omelio  the  action  of  nitrio  acid  on  the  biliary  colonring  matteni  had  been 
obwrved,  although  the  'play  of  colours'  which  cou^titutos  'Guiolin'i  reaction'  had 
nol  been  deecri bed  :  "  Spirituii  nitri  btlem  ef!icacius  cogit,  nt  nritien  et  duri  grunii  io 

■ero  sabfiideaDt.     Viridem  fecU,  quae  tlava  fnerit Cum  A'[nA  forti  alias  arbuMttlae 

tirides  natae  stmt ;  et  gmmus  in  fnndo  sabsedit.  In  aliis  pato  moracions  acidi 
eiemplis,  bills  in  coagulum  amsrum.  riridiH  resinae  similiH,  abiit,  &o."  EUmenta 
Physiotoffitu  corporis  humani,  Auotore  AJberio  v.  Haller.  Bemoe.  Sumptibua  Societatis 
Typograpbicae.  xt>ccLXiv.     Vide  Tom.  n.  p.  554. 


I 


314     EAULT  RESEARCHES  ON  THE  BILE  COLOURING  MATTERS.    [BOOK  TT. 


(Matiere  jaune  de  la  bile)  as  charactertRtic  of  the  bile*,  and  L.  Qmelin 
in  the  researches  of  which  he  published  the  results  with  Tiedemann'. 
studied  with  some  care  the  properties  which  this  colouring  matter 
presented  in  the  bile  of  the  dog.  He  shewed  that  when  hydrochloric 
acid  is  added  to  hilt-  cotiHned  over  mercury  its  colour  undergoes  no 
perceptible  change,  whilst  if  oxygen  be  admitted  the  bile  gradually 
assumes  a  green  colour.  He  pointed  out  that  when  uitiic  acid  is 
added  to  bile,  changes  in  colour  occur  iustantaneously  and,  under  the 
oxidising  influence  of  tiiis  acid,  without  the  iuten'ention  of  atmo- 
spheric oxygen.  He  discovered  that  nitric  acid  occasioned  a  rapd 
succession  of  tints — first  green,  then  blue,  violet,  and  last  of  all  a 
yellow  or  yellowish  brown — that  the  very  tints  of  the  rainbow 
sent  themselves  to  the  observer.  "Man  versetze  Galle  mit  so 
Salpetersaure,  doas  die  blaue  Farbung  eiutritt,  Ubersattige  mit 
und  giesse  dann  Vitriolol  in  hinreichender  Menge  htnzu,  so 
man,  he  quaintly  adds  "  ein  Stiick  vom  Regenbogen."  From 
date  of  this  description  the  succession  of  tints  which  the 
colouring  matters  exhibit  when  treated  with  nitric  acid  has  recei 
the  name  of 'Gnielin's  reaction.^ 

It  was  Berzelius'  \vhi>  first  attempted  the  scientific  study  of 
colouring  matters  of  the  bile.  To  the  brownish-yellow  colourini 
matter  characteristic  of  the  bile  of  man  and  the  camivora,  he  applied 
the  term  cholepyrrhin',  thimj^^h  he  confessed  himself  unable  to 
separate  it  in  a  state  of  purity  from  the  bile  itself,  studying  its 
properties  as  observed  in  solutions,  or  as  he  extracted  it  from  the 
deposits  which  occurred  in  the  gall  bladder  or  from  gall  stone-s. 

He  described  cholepyrrhin  as  a  nitrogenous  body  of  a  beautiful 
reddish-yellow  colour,  tasteless  and  without  odour,  very  sparingly 
soluble  in  water  and  alcohol,  and  most  readily  dissolved  in  dilule 
solutions  of  caustic  potash  or  soda.  He  observed  that  these  alkalis 
sohitions  of  the  bile  colouring  matter  absorbed  atmospheric  oxygen, 
that  the  liquid  gradually  became  green,  and  that  when  acids  were 
then  added  to  ft  the  colouring  matter  was  precipitated  in  gieen 
flakes.  He  described  this  coUmring  matter  as  in  all  respects  similftr 
to  chlnrophyll,  the  colouring  matter  of  leaves,  with  which  he  bclievoJ 
it  ti>  be  ideutical.  As  occurring  in  the  bile  he  termed  it.  however, 
biliverdin'',  and  he  believed  that  the  green  colouring  matter  found  iu 
the  normal  bile  of  the  herbivora  was  produced  from  bilirubin  by 
processes  occurriug  within  the  body  which  were  identical  with  iboie 
which  he  had  stiidietl  in  vitro. 


I 


1  ThQDiLrd,  '  Mdmoire  sur  la  Bile,'  la  k  I'lnstitat  1g  2  flor^.  un  13,  in  Mimoir 
Phtfiique  ft  de  Chimic  de  la  Socifti  iVArcueit.     Tome  i.  Funs,  1H07,  see  pp.  23 — Vi 

=•  Tiedemaim  and  Umeliu,  /'i>  IVnirtwi/nf/  nnr/i  Ver^uchejiy  1826,  p.  79. 

'  Berzelius.  see  the  account  which  he  gives  of  his  rt?w;arche»  in  his  article  *0*lk' 
in  Wagner's  JJamiworterbiich  d^r  rhyMioloffif,  Vol    i.  p.  522. 

*  From  x^^^t  *>ilc  *n^  irvpp6x,  t&wn^,  reddi^ih -yellow  {darker  than  ^ar6i»).  Tbt 
name  given  b>  Berzelius  appearn  bulh  ou  et>'niolo);inal  and  deaoriptire  groonift 
preferable  to  the  one  whicL  bus  supplanted  it,  viz.  Bilirubin. 

'  *Ich  babe  en  in  diesem  Zuutand  Biliverdin  gexianut.'    Berzelius.  ioe.  cU,  p.  i$3U 
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Berzelius*  subsequently  separated  bilivertlin  from  the  precipitate 
wbich  barium  chloride  throws  down  when  added  to  the  bile  of  the 
ox,  and  lie  came  to  the  conclusiou  that  the  body  thus  obtaiued  was 
aUo  irleiitical  with  chlorophyll,  an  error  which  was  perpetuated  almost 
l^ir  owu  days. 

^Khe  strictly  modem  researches  on  the  bile  colouring  matters  niay 
iniid  to  date  from  the  investigations  of  the  colouring  matter  of 
gall  stones  by  Heintz";  sh(»rtly  afterwards  V'alentiner*  discovered 
that  the  body  which  Berzeliiis  had  termed  cholepyrrhiti,  aud  Simon 
and  Heintz  biliphain  and  which  we  now  terra  bitirubiu,  is  very 
9f)luble  in  chloroform  and  that  fmm  its  chloroformic  sohition  it  can 
be  obtained  in  the  form  of  reddish-yellow  microscopic  crystals*.  It 
ifl,  however,  to  the  thorough  researches  of  Stadeler  that  wo  owe  the 
Tnost  complete  investigation  of  the  bile  eoh)uring  matters*.  To  these 
ttcd  subsequent  researches  we  shall  incidentally  refer  in  discussing 
theiudividual  bile  colouring  matters. 


^  Bilirubin  C„H,.N40« 

[Sjfnonyms:   Cholepyn^hiny  Biliphcein,  Bili/ultnn,  Hw7natoidin% 

HL-.  Bilinibin  occurs  in  the  yellow  or  reddish-yellow  bile 

of  man  and  caruivorous  animals,  in  the  bile  of  the  pig 

*nd  occasionally  in  the  bile  of  the  herbivora  wliicli  have  been  long 

'*"itbout  food.     It  also  occurs  in  the  contents  of  the  small  intestine 

is  a  nonnal  constituent  of  the  blood  serum  of  the  horse'.     It  is 
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Berzelins.  Leitrbuch  der  Cheviie,     Uebereetzt  von  F.  Wohler.    3  Aufl.  (Brueden 
'«>d  Irfipj-.iK)-     Vol.  IX.  (1840)  p.  2S\. 

^^Heuitz,  'Ueber  don  in  den  riallonSteincn  entfaaltcneD  Farbstoff.'     Poggendorff^s 
■kn,  Vol.  T.xxxiv.  (IKol).  p.  lOd— 116. 
^PValenliner.     Gilnsbcrg's  Zfitschrijt.    X.  Scr.     Vol-  t.  p.  46  (quoted  at  Becond- 

*  It  appe&TB  to  faave  escap<>d  the  obwrrAtion  of  critical  nrtters  on  the  bile  eotonring 
ktttnv  tliat  B«rzeliuN  wa*!  certainly  the  first  to  obtain  a  crystalline  colourinR  matter 
■«m  thi'  bile  of  the  ox.  The  procfss  whicli  yielded  it  was  compUcated,  but  its  repeti- 
yn  woolil  probably  yield  intereRting  reBulta,  Bemeliufl  aspitnied  the  name  of  bilifnl- 
ix  to  the  cryHtalline  body  which  he  obvioUHly  did  not  counider  iih-ntical  with  !be 
ttparu  bilirubin  Co  which  ho  applied  the  name  of  cholep.\Trhin:  "Bilifulvin  babe  ich 
toe  aoch  problewatiticbe  aus  BiUt  Imlniln  $pi*$atn  erballent),  krvKtailiHirte  rothgi^lbe 
nbttanz  genanot,  die  ich  nooh  niclit  gehnrig  7.n  studiren  Crelegetihcit  battc." 

HftTing  described  his  process  of  separation  he  thui;  expreHses  biniHi-lf  as  to  the 
cndoet:  "So  b«lcommt  man  eine  gelbe  Lftming,  die  rerdunslet  «in  rothbranneji 
Extract  zoHlcklKsHt.  Wird  dicsea  in  Alkohol  aafgeliUt  iind  die  LAsung  der  freiwiUigen 
^erdQnstnng  til>erlHi»en,  so  tchie*iseii  daraus  znerst  kleine  rothgelbe  Kry^talle  an.  Die^a 
EajftaUti  sind  cs  die  ich  BiHfiilvin  eenannt  habc. "  See  Borzeliua,  Lt^hrbuch  d.  Chemie 
lleberaeU.  v.  Wohler).  Vol.  ix.  (1810).  p,  285. 

'  O.  Stadeler,  •  ITobor  die  Farbstoffe  der  fialle.'  AnnaUn  der  Chem.  u.  Pharmac. 
'oL  cxxxii.  (1864),  p.  323  tff  «<2. 

*  The  name  bcemaioidin  is  only  applied  to  bilirubin  when  oooarring  in  old  extra- 
''uitionB  of  blood. 

~  OlofT  Hammarst&n,  *0m  fdrekomaten  af  gaUforyKmm  i  blodsemm.'  ITpHala, 
^-«ku«fi5remng*fl/?>rAand/in^ar,  Vol.  xiv.  p.  50.  See  the  abatniot  of  thifi  paper,  *  Uober 
ui  Vorkoinmen  von  Uallt-nfarbBtofF  in  dem  Blutaernm,'  by  its  author  in  Maly's 
}bfriekt.  Vol.  vni.  (1879;.  p.  129. 
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aud  stains  the  conjunctivae  and  skin,  in  cases  of  jaundice.  In  dH 
blood  extravasations  it  occurs  in  microscopic  crystals  which  were  fixnl 
discovered  by  Virchow  and  by  him  called  bsematoidin.  \ 

Methods  of  In  the  separation  of  bilirubin,  from  whatever  source 

■eporiuon.  j^  -^  obtained,  we  rely  on  the  remarkable  solubility 
of  the  free  colouring  matter  in  chloroform,  whilst  its  compounds  are 
insoluble  in  that  liquid. 

1.  Separation  J'tovi  Gall-stones,  The  gall-stones  are  finely  pals'- 
dered  and  then  thoroughly  extracted  with  ether  which  extract's  llie 
cholesterin  which  these  concretions  contain.  The  residue  is  tiien 
extracted  with  boiling  water,  and  afterwards  treated  with  dilute 
hydi-ochlt>ric  acid.  The  latter  decon»pK>Bes  the  bilirubin-calciuni,  tbe 
pure  bilirubin  remaining  as  an  insoluble  powder  which  is  thoroug|iW 
washed  with  water,  dried  aud  then  boiled  with  chloroform.  Tbe 
chloroformic  solution  of  bilirubin  is  evajjorated  on  the  water  lath 
and  the  residue  is  extracted  with  absolute  alcohol  and  ether.  The 
fitrmer  solvent  separates  a  certain  quantity  of  a  pigment,  termed  bv 
Stadeler.  bilifuscin.  The  residue  insoluble  in  alcohol  and  ether  is 
then  again  dissolved  in  chloroform,  the  solution,  if  necessary,  filteml, 
aud  evaporated  until  bilirubin  comnieuces  to  separate;  alcohol  is 
then  added  to  the  concentrated  chloroformic  solution,  when  an 
amorphous  orange-coloured  precipitate  of  bilirubin,  which  resembles 
sulphide  of  antimony,  in  obtained.  These  operations  maybe  repeateti. 
Ultimately  the  purified  bilirubin  is  once  more  diK.solved  in  chloroform, 
and  the  chloroformic  solution  allowed  to  evaporate  spontaneously, 
when  crystals  of  bilirubin  separate. 

2.  From  bile.  (1)  Bile,  preferably  of  the  dog,  is  acidulated  with 
acetic  acid  and  shaken  with  chloroform,  care  being  taken  to  exclude 
air  as  completely  as  possible ^  The  chloroformic  solution  is  separaiei 
evaporated  to  dryness,  the  residue  treated  with  absolute  alcohol,  iiQ<^ 
the  matter  which  is  left  undissolved  by  this  solvent  is  dissolved  in 
chloroform.  By  the  spontaneous  evaporation  of  the  chlorofomiic 
sohition,  crystals  of  bilirubin  may  be  obtained.  The  purification  of 
the  bilirubin  may,  if  the  quantity  of  material  be  nuiiicient,  be  carnfti 
out  as  directed  in  the  case  of  bilirubin  prepared  from  gall-stones. 

(2)  The  bile  from  which  bilirubin  is  to  be  prepared  is  diluw<l 
with  water  and  precipitated  with  milk  of  lime.  A  solution  ^ 
carbonic  acid  is  passed  through  the  mixture  and  the  bulky  pT*" 
cipitate,  having  been  collected  and  washed,  Ls  suspended  in  wattfr 
decomposed  by  means  of  hydrochloric  acid  and  shskken  with  chloro* 
form,  care  being  taken  in  these  operations  to  avoid  the  access  of  air. 
The  chlorijformic  solution  is  evaporated  to  a  very  small  bulk,  pre- 

^  In  all  cases  m  which  it  ia  sooiiht  to  Mparate  bllirubh],  so  long  as  the  solutiooi 
contain  free  acids  or  olkAlien  the  grcatent  CAre  must  b«  tftken  to  aroid  the  ftooesa  of  ftir; 
ill  the  prcstiDce  of  atmospheric  oxygen  the  conversion  of  bilirubin  into  biUTOidiiL  U 
once  commenQes,  in  acid  or  alkaline  solutions. 
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2ipiUkted  with  alcohol,  and  the  further  purification  of  the  separated 
Ibilirubin  carried  out  as  already  directed  \ 

[     Ooioui  and  Bilirubin  occurs  in  an  amorphous  and  in  a  crystal- 

-6i>«um2ie  jjjjg  coudition.     In  the  former  it  presents  the  appear- 

ance of  an  oraage-coloured  powder  resenibling  Hulphido 
of  antimony  ;  in  the  latter  it  has  the  colour  of  crystallized  chromic 
acid.  Examined  under  the  microscope,  crystalline  bilirubin  exhibits 
orange-coloured  rhombic  tables,  in  which  the  obtuse  angles  are  often 
roanded  off.  When  crystallisio|f  from  solutions  which  are  not  quite 
pure  (containing  cholesterin,  &c.)  better  formed  crystals  are  obtained 
than  is  the  case  when  the  solutions  contain  no  such  impurities 
(Hoppe-Seyler*). 

Bilirubin  is  insoluble  in  water,  almost  insoluble  in 
ether  and  very  spaiiiigly  soluble  in  alcohol.  It  is 
readily  soluble  in  chloMform  especially  with  heat;  it  is  likewise 
soluble  (though  to  a  much  less  extent  than  in  chloroform)  in  benzol, 
carbon  disulphide,  amyl  alcohol,  and  giycerin.  These  fluids  dissolve 
enough  however  to  acquire  a  yelhnv  or  a  brown  red  colour.  Solu- 
tions of  bilirubin  which  contain  1  part  in  oOOUUO  exhibit  a  percep- 
tible yellow  colour  when  a  layer  I'S  cm.  thick  is  observed  (Hoppe- 
Seyler). 

Bilirubin  is  readily  soluble  in  dilute  solutions  of  sodium  and 
potassium  hydrate  aud  ammonia,  and  if  the  solutions  be  kept  from 
contact  with  air  or  with  oxygen,  it  can  be  reprecipitated  from  them 
by  the  addition  of  hydrochloric  acid. 

It  ifl  important  to  notice  that  solutions  of  bUii-ubiu  in  alkalies  do  not 
yield  the  colouring  matter  to  chlorofonu.  A  chloi-oformio  solution  of  the 
tolouring  matter  shaken  with  dilute  sodtnm  or  potasainra  hydrate  is  at 
ouce  decolourised  ;  on  the  other  huuit  a  uiiuitar  alkaline  sr>lutiou  of  bilirubin 
if  acidulated  and  shaken  with  chloroform  at  once  gives  up  its  colouring 
matter,  which  in  dissolved  by  the  chloroform  and  iuiparts  to  it  a  much  less 
brownish-yellow  colour. 

Bilirubin  forms  compounds  with  bases  of  which  several  have  been 
'studied.  The  Na-conipound  is  obtained  by  precipitating  a  dark 
•orange  solution  of  bilirubin  in  sodium  hydrate  by  means  of  a 
concentrated  solution  of  caustic  soda. 

I  The  Ca-componnd  is  obtained  by  precipiUiting  an  ammoniacal 
iBolution  of  bilirubin  with  calcium  chloride.  The  precipitate  is 
rust-coloured,  tlocculent,  and  insoluble  in  water,  alcohol,  ether  and 
chloroform.  It  has  the  composition  indicated  by  the  formula 
CKiHjuNiOfl.Ca.  When  this  compound  is  dried  in  ihicuo  over 
stilphuric  acid  it  is  of  a  dm-k-green  colaur  with  a  metallic  lustre,  but 
when  powdered  it  has  a  dark-brown  colour. 

1  Hopp«-Seyler,  Phytiologiscke  ChemUt  BerUii.  1887.  p.  3^. 
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By  the  action  of  barium  chloride,  lead  acetate,  ai 
fiilver  on  aniinoniacul  solutions  of  bitinibin,  compound?^ 
the  calcium  compjund  can  be  obtained.  The  silver  contpouD 
ill  violet-coUnircHi  flakes  and  is  not  reduced  ever  when  the  I 
which  it  is  siiRpcnded  is  lx>iled.  Bilirubin,  as  Maly  observe 
by  the  compounds  which  it  forms^that  it  has  the  character  o 
acid. 


Compovltlon 
and  formal&. 


tl 


Heintz'  was  the  first  chemist  to  make 
analysis  of  bilirubin,  and  assigned  to  it  the 
CjiHiaNjOa.  The  method  which  he  fallowed  in  the  prcpai 
the  substance,  which  was  not  until  later  obtained  crystallised 
it  certain  that  it  was  not  free  from  impiirities,  and  the  resul 
analysis  may  therefore  be  left  out  of  consideration.  The  saa 
tion  does  not  apply  to  Stadeler's  methods.  The  results  of 
have  been  absolutely  confirmed  by  the  more  recent  and  ex 
researches  of  Maly,  as  well  as  by  Hoppe- Sevier*.  Both 
and  Mnly  from  their  analyses  deduced  for  bilirubin  the 
C,«H,sN,Og.  Thudichum*.  on  the  other  hand,  has  assigned  to  I 
the  formula  C,H,NO,.  which  neither  agrees  with  the  co! 
analytical  results  of  Stadeler  and  Maly,  nor  fits  in  with  mi 
with  which  we  are  acquainted.  The  reader  will  see  at  a  gla 
considerable  are  the  differences  in  the  percentage  of  Uie 
elements  calculated  from  St^eler  and  Maly*8  formula  ou, 
hand,  and  from  that  of  Thudichum  on  the  other. 


(Stadeler  and  Maly.) 

C„H„NA 
or  C„H«N.O. 

Cwrbon 

Nitrogen 
Oxjgea 


6713 
6-2i) 
979 

1679 

lOOOO 


(Thudichum.) 
CH,NO, 

66*25 

552 

859 
1964 


100-00 


Quit«  apart  fh>m  the  remarkable  conc«>rdauce  of  tbi 
Stiideler  aud  of  Maly,  an  ex&miDation   of  all  facts  beArio| 
question*  bfta    led   chemists  to   tlie   opinion   that    the   for 
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Stadeler  and  Maly,  or  probably  a  multiple  of  it,  is  correct.     The 
various  reactions  are  best  explaiued  by  doubling  Stadeler's  formula. 

Acdon  of  When   biliriibin  ia  treated  with  pure  dilute  nitric 

Bime  Mid  on  acid  (coutaiuiug  20  per  cent,  of  HNO,)  uo  change 
occurs  at  ordinary  temperatures.  When  the  solution 
is  heated,  however,  dark -violet  resinous  flakes  are  formed 
which  as  the  temperature  rises  assume  a  li^ht-brown 
colour  and  ultimately  dissolve,  yieldiu^^  a  yellow-coloured  liquid. 

Pure  concentrated  nitric  acid  auts  in  the  cold  and  a  clierry-red 
liquid  is  obtained  which  retains  its  colour  for  many  days.  Nitric 
acid  which  has  a  slightly  yellow  colour  aud  which  contains  nitrous 
wid'  (as  the  nitric  acid  of  commerce  does)  gives  rise  in  solutions 
which  contain  bilirubin,  to  a  remarkuble  play  of  colours  already 
referred  to  as  'Graelins  reaction.'  The  reaction  may  be  tried  ^nth 
» dilute  alkaline  solution  of  bilirubin,  with  diluted  bile,  or  with  any 
liquid,  such  ft.s  the  urine  of  jaundice,  which  cimtains  bilirubin. 

Various  methods  of  exhibiting  Graelin".s  reaction  may  be  adopted, 
rhe  most  common  is  to  pour  some  of  the  solution  to  be  tested  into 
I  teat  tube  contAining  nitric  acid,  so  that  tlie  two  liquids  are  not 
Eilxed.  Near  the  line  of  junction  the  colour- reaction  at  once 
oniinences  to  develope,  and  a  succession  of  zones  of  colour  appear, 
[»e  tints  being,  from  above  downwards,  as  follows : — green,  blue, 
iolet,  red  and  reddish-yellow.  These  tints  represent  the  successive 
^es  of  the  reaction,  the  first  being  the  green  and  the  last  the 
-ddish-yellow,  which  is  obser\'ed  in  the  region  where  the  oxidising 
ition  is  most  intense,  viz.  in  close  proximity  to  the  nitric  acid. 

Instead  of  employing  a  test  tube,  a  few  drops  of  diluted  bile,  or 
lHous  urine  may  be  poured  u[k)U  a  flat  plate,  so  that  a  thin  layer  of 
cjuid  is  obtained.  On  now  adding  a  drup  or  two  of  coloured  nitric 
■id,  wherever  the  acid   falls  .a  series  of  concentric  coloured  rings 

beautiful  colour  is  developed,  the  succe-ssion  of  tints  being  the 
itne  as  in  the  experiment  previously  described. 

The  delicacy  of  'Gtuelin's  reaction'  is  such  that  it  pei-mits  of  the 
stection  of  bilirubin  in  solutions  which  contain  only  1  part  of  the 
»louring  matter  in  from  Beventj-  ttj  eiglity-thousuiid  purtH  of  water.  It 
'tttt  be  remembered  tliat  in  order  to  be  sure  of  the  presence  of  biliruhin  the 
Ijole  serieB  of  tints  must  be  observed,  as  lutein  (the  yellow  crystallino 
Witter  obtained  from  corpom  lutoa,  from  the  yolk  of  Pgg^  and  which  is 
Uo  present  in  the  liquor  sanguinis  of  some  iininiaU),  when  treated  with 
itric  acid,  oxhibita  a  green  and  also  a  blue  tint  very  ainiilar  Ui  those 
eveJoped  in  Gmeliu's  reaction.  The  spectroscopic  characters  of  lutein 
re,  however,  sufficiently  distinctive  to  enaljle  tUw  observer  to  ascertain 
whether  this  substance  is  present  in  a  solution  or  not. 

Each  tint  in  Gmelin's  reaction  correpponds  apparently  to  a 
efinite  chemical  change,  probably  to  a  definite  oxidation  product. 

>  If  Ibe  ftcid  is  too  hiKhlj  coloured  (i.e.  if  the  ammint  of  nitrona  acid  and  of  nitrugeu 
■roiide  be  Urge)  it  exerts  so  enercetio  an  action  on  the  biUmbio  that  the  suooesstTe 
les  of  GmtiUxi'B  reaction  caimot  be  properly  obtierved. 
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The  green  tint  is  due  to  the  production  of  biliverdin,  which  uviil 
be  afterwards  shewn  is  the  first  stage  in  the  oxidatiou  of  bilinibin. 
The  blue  tint  is  due  to  an  imperfectly  studied  body  termed  bili- 
cyanin  ;  the  final  reddish- orange  colour  is  due  to  choletelin. 

Maly  in  commeuting  on  the  nature  of  the  action  exerted  by  nitric  idj 
on  hihnibiu  makes  tlie  following  reniarkti : — 

**  Nitric  ar  nitrous  acid  can  oxitJiKe,  form  nitrooompounda,  give  riteto 
isomei^  effect  decompositious,  substitute  hydroxy!  -  for  amido-groof* 
convert  amido-acids  into  diazo-coinpouiids,  &c,  so  that  from  hilivfrtlui 
onwards  no  conception  as  to  the  nature  of  the  colouring  matteni  fonnnJ 
in  Gnielin's  reaction  could  be  formed  were  it  not  for  choletelin,  tLt 
analysis  of  which  settles  the  question,  aliewiug  that  in  Gmelin't  nmcttg|H 
so  N  is  given  olf,  but  that  a  progressive  oxidation  occurs'.  H 

Carbon.  Nitrogen.  Oxj^a 

Bilirubin  contains  in  100  pts.         671                   96  168 

Biliverdiu             „            „               63*6                   9-3  21'3 

Choletelin             „            „               55-5                   9*  1  30-0 

It  is  no  improbable  conclusion  that  the  yet  unisolated  blue  and  nd 
bodies  are  iutermediato  oxidation  products.^' 

Tbt  fpec-  In  I&S6  Jaffe'  made  a  series  of  interesting  ob«n»- 

bTim  of  om«-    ji(^|^j5  (jij  tiie  spectroscopic  characters  of  the  colMir 

fill  I    rMkCuOQ  11-         /V  T     '  »  • 

matters  prouueed   in  Omelui  s  reaction,  shewing 
the  different  tints  correspouded  with  characteristic  alterations  in 
spectrum.     He   found  that  with  the  couimencement  of  the  bin 
colour  (2nd  sta^  of  Gmelin'a  reaction)  a  broad  absorption  h&nti 
appears  which  extends  between  C  and  D.  but  nearer  to  the 
than  the  former,  and  which  extends  half  way  between  D  and  L 
diluting  the  solution  or  examining  a  somewhat  thinner 
bn.>ad  absorption  band  above  described,  appears  composed 
bands  within  defined  edgea.  separated  by  a  clear  interspace 
Jalle  designated  these  two  bands,  the  a  and  fi  bands.     Almost 
the   same  time,  but   really  somewhat  later,  thaa  the   bands 
ibed,  a  third   band  7  became   perceptible  vhicfa   is  sil 
tireen  6  and  F  but  nearvr  F.     This  baud  increases  in 
as  the  bands  a  and  0  gradually  fode. 

In  1S71  the  late  Prol  Heynsiuf  of  Leyden  in  aoMiciatioo 
Dr  J.  F.  R  Campbell'  made  a  reseaxvh  in  which  they  ocMtfimsd 
ttxteoded   the  oboervacioDs  of  Jaff^    Tbej  aaaiffiied  the  Dsme 
cholccyanin  u>  the  bhie  body  whieh  oecasioDS  t&e  b«Ads  m 

slfewed  thai  the  hand  7  is  caused  by  the  piBssuus  of 
Maiy  had  described.    We  may  then  speak  of  the  apscUm 

'rnikapiuB^  nrj  -   1  1  i,tiI 
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the  bilicyanin  and  choletelin  stages  of  Graelin's  reaction.  In  1877 
iJr  MacMunn\  quite  iutlepeiidently  of  the  above  researches  which 
Were  unknown  to  him,  again  deBcribed  with  correctness  the  spectrum 
of  Gnaeliu's  reaction. 

The  spectrum  of  the  second  stacfe  of  Gmelin's  reaction  is  shewn 
"^  Plate  I.,  Sp.  3. 

Khriich'8  Gmelin's  reaction,  with  slight  modifications  to  be 

reaction.       afterwards  noticed,  is  common  to  biliverdin  and  other 

oiJiary  colouriuj^  matters.      We  have  now  to  speak,  however,  of  a 

''^action,  discovered   by   Professor   Ehrlich*.  which   is  characteristic 

^f  bilinibin  and  is  not  exhibited  by  biliverdin.     To  a  solution  of 

"^'iriibin  in    chloroform,  is   added    an    equal    volume,  or   twice   its 

^^'ume,  of  a  solution  of  sulphauilic  acid  (1  grm.  sulphanilic  acid, 

■*^   c.c,   of  hydrochloric   acid    and    01   grm.  of  sodium    nitrite   dis- 

*^*ved  in  distilled   water  and  diluted  to  1  litre)  and  then  as  much 

^'cobol  as  is  needed  to  render  the  solution  clear.     The  liquid,  which 

**     of  a  yellow  colour  at  first,  assumes  a  beautiful    reii   tint.     On 

^<Jing  dilute   hydrochloric  acid,  drop  by  drop,  tlie  colour  changes 

'^'^t  to   violet  and   then   to  an   intense   blue.     On  now  carefully 

PpUring  into  the  test-tube  a  solution  of  potassium  or  sodium  hydrate, 

thr^e  zones  of  colour  are  visible;  near  the  alkaline  solution,  whore 

v^  reaction  is  ct)mmencing,  the  colour  is  green;  at  the  surface,  whore 

^t^e  reaction  is  still  acid,  the  original  blue  tint  persists,  whilst  inter- 

**^©diate  between  these  two  zones  is  a  red,  neutral,  zone. 

The  late  Professor  Krukenberg  published  a  full  account  of  the 
spectroscopic  characters  of  Ehrlich's  reaction.  The  acid  azure  blue 
Solution  exhibits  an  absorption  band  between  C  and  E,  of  which  the 
^ntre  is  a  little  to  the  violet  side  of  D,  and  which  as  the  coucentra- 
"tion  iucrea.ses  extends  more  and  UKtre  towards  E.  For  further  details 
the  reader  is  referred  to  the  original  meIuoi^^ 

Tbe    metion  Both  Thudichum*  and  Maly'  have  investigated  the 

biu^m^  '^^  action  of  bromine  on  bilirubin.  The  following  account 
is  based  on  the  observations  of  Maly.  When  a  solution 
of  bromine  in  chloroform  is  added  very  gradually  to  a  solution  of 
bilirubin  in  chloroform,  a  play  of  colours  is  observed  which  is 
precisely  similar  to  that  which  constitutes  Gmelin's  reaction,  the 
colours  being  the  same,  as  well  as  tbe  order  in  which  they  appear. 

*  C.  A.  MacMunn,  '  Studies  in  Medical  flpectroacopy,*  Dub.  Joum.  of  Mtd.  Se.  1877; 
see  «l»o  The  Spectrotcopr  m  MrdicitUy  by  the  same  author,  pp.  1*50 — 162. 

'  P.  Ehrlich,  *  Siilfodift,7.ol)nnzol,  pin  R«aRenA  auf  Bilirubin,*  Centralhlatt  f.  klin. 
Med..  Vol.  IT.  (1883).  p.  721;  also  in  Zeiuchrift  J.  anal  Chemie,  Vol.  iiin.  (1883), 
p.  275. 

■  Dr  C.  Fr.  Krukenborg,  '  Daa  Spectram  der  Ehrlich'schen  Bilirubinprobe  *  in 
Krukenberg'a  Chrviurlte  UutcrMwhunffeii  tur  tciMMen«cIuiftlich/'n  Medicin.  ErRtes  Heft, 
Jena  168r»,  p.  77 — 79.    The  description  i&  illustrated  by  drawings  of  three  spectra. 

*  Thudichnm,  Jonm.  of  the  Chemical  Society.     Ser.  n.     Vol.  xiii.  p.  389. 

"  B.  Maly,  *  Unternnchangen  iiher  die  Gallenfarbstoffe/  Sit2un!tsber.  d.  k.  Wiener 
Ak(td.  d.  iVisseriscliaftf  Vol.  lxxji.  (1875).  A  very  eumplele  accuimt  of  tliis  paper  is 
given  in  M&lf&JahreMhrrichi,  Vol.  v.  (1876),  pp.  19B— li«. 
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The  supposition  that  the  coloured  bodies  obtained  under  the  actw 
of  bromine  were,  like  those  obtained  with  a  mixture  of  nitnc 
nitrous  acids,  products  of  uxidatiou,  was  disproved  by  the  examiniiU 
of  the  green  biliverdindike  body  which  is  the  first  product  of 
actitin  of  bromine.  It  was  at  once  apparent  that  this  body  poweaed 
a  green  colour  because  of  its  being  a  mixture  of  undecoio posed 
bilirubin  and  of  a  beautiful  blue  substance.  This  body  was  prepared 
fin  various  ways  ami  was  founil  to  have  an  uniforui  conipysitiftu, 
^presented  by  the  fonuula  CnHaBrjN.O^.  According  to  Malv 
stion  in  which  it  is  formed  n^ay  be  represented  thus: — 

C„H,^\0.  +  3Br.,  =  C«H»Br,y,0,  +  3HBr. 

Bilirubia.  TribromobUirubiii. 

Tribromobilinibin  is  insoluble  in  water,  readily  sioluble  in 
and  ether,  its  solutions  in  wliich  possess  a  dark  blue  colour.  The 
a(iditioTi  of  pure  acid  renders  the  alcoholic  solution  more  inteoselj 
blue  than  before  ;  this  deep  blue  colour  is  characteristic  of  solutifias 
in  acetic  and  glacial  acetic  acid.  Alkaline  solutions  readily  di.ssoIvc 
the  body  and  acquire  a  violet  colour.  When  boiled  with  sodium 
carbonate  a  green  solution  is  obtained. 

The  violet  alkaline  solutions  of  bromobilirubin,  made  with  the 
aid  of  alkaline  hydrates  and  carbonates,  at  first  assume  a  blue  MwXmt 
when  acids  are  added  tu  theni.  After  some  time,  however,  when 
acids  are  added,  the  colour  cban^^es  to  a  pure  greeu.  Chiorine  readily 
bleaches  the  compound. 

By  the  action  of  sodium  amalgam,  tribromobillrubin  is  convert 
into  hyilrobilirubin.     When  digested  with  sululiou  of  caustic       _ 
dilute  sulphuric  acid  throws  down  a  green  body  which  appears  tfl 
consist  of  biliverdin. 


Biliverdin  C^^^^fi^. 

To   the  colouring  matter  which    imparts    a  greefl 
colour  to  the  bile  of  the  o.v,  sheep  aud  other  herbivoi 
animals,  the   term    biliverdin   was   applied   by  Berzelius,  and 
usually  a.ssumed,  probably  correctly,  that  this  body  is  identical 
the   biliverdin   which  results   from  the   action  of   various    oxidi 
agentH   on    bilirubin.     The    strict    scientific   proof  of    this    ideal 
is.  iiowever,  nut  htrthcomiuoj,  uo  method  having  as  yet  been  defii 
for  the  separatiuu  of  pure  biliverdin  from  tlie  bile. 

Biliverdin  is  doubtless  the  colouring  matter  found  in  associati( 
with  bilirubin  iu  the  placenta  of  bitches;  it  likewise  may  be  fouud 
in  vomited  mntters  and  in  the  contents  of  the  small  intestine 
Biliverdin  is,  occasionally,  a  constituent  of  gall-stones.  It  is  mi 
sometimes  to  occur  in  jaundiced  urine;  its  presence  in  urine  which 
has  been  expoHed  to  the  air  affords,  however,  no  proof  of  its  havii 
been  present  in  the  fresh  secretion. 
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It  has  already  been  stated  that  when  the  reddisb- 
yellow  bile  of  carnivorous  animals  is  exposed  to  the  air, 
it  gradually  acquires  a  green  hue  which  resembles  that  of  the 
secretion  of  the  herbivora.  This  change  iu  colour  ia  associated  with 
-an  absorption  of  oxygen  and  depends  upon  the  conversion  of  bili- 
rubin into  biliveixhn  ;  it  occurs  all  the  more  readily  if  the  bile  be 
rendered  decidedly  alkaline  by  the  addition  of  a  caustic  alkali  and 
^ben  exposed  in  thin  layers  to  the  action  of  the  air.  The  same 
ohatige  is  observed,  though  it  proceeds  less  rapidly,  if  the  bile  be 
acidified  by  means  of  acetic,  hydrochloric  or  sulphuric  acids,  and  then 
exposed  to  air;  the  presence  of  oxygen  being  under  these  circum- 
stances absolutely  necessary  to  the  production  of  the  colour.  The 
"body  which  is  the  cause  of  the  beautiful  green  tint  developed  by  the 
Action  of  nitric  and  nitrous  acids  upon  bile  or  bilimbin  is,  untpies- 
"tiouably,  biliverdin,  which  is.  in  this  case,  produced  by  the  oxidising 
Action  of  the  acids  employetl,  quite  independently  of  the  almo- 
«pheric  oxygen. 

Biliverdin  is  most  rea<Iily  prepared  in  a  state  of  purity  (Stadelcr) 
by  dissolving  pure  bilirubin  in  a  diluted  solution  of  sodium  hydrate 
&Dd  either  exposing  the  liquid  to  air  or  causing  a  stream  of  oxygen 
^as  to  pass  through  it.  When  the  solution  has  acquired  a  bright 
^een  colour  an  excess  of  dilute  hydruchluric  acid  is  added;  this 
precipitates  the  biliverdin  which  is  washed  with  water,  until  the 
washiugs  contain  no  trace  of  chlorine.  It  is  then  dried,  dissolved  in 
absolute  alcohol,  the  alcoholic  solution  is  filtered  and  precipitated  by 
the  addition  of  water. 

Biliverdin  is  readily  produced  when  bilirubin  is  heated  to  lOCC. 
in  sealed  tubes  containing  a  mixture  of  chloruform  and  glacial  acetic 
acid,  care  being  taken  that  a  considerable  space  filled  with  air  is  left 
in  the  tubes  (fleynsius  and  Campbell).  The  objection  to  this  process 
is  that  water  very  imperfectly  precipitates  the  biliverdin  which  has 
been  formed.  The  process  was  modified  in  an  important  manner  by 
Maly'  who  found  that  at  moderate  temperatures  and  in  the  absence 
of  chloroform,  monochloracetic  acid  readily  leads  to  the  absorption 
of  ox\gen  by  bilirubin  and  its  conversion  into  biliverdin.  Mono- 
chloracetic acid,  the  melting  jxunt  of  which  is  62  C.  is  rendered 
fluid  by  warming  it  iu  a  beaker;  powdered  bilirubin  is  then 
digested  in  it  witli  tlie  aid  of  a  gentle  heat,  on  the  water  bath 
After  a  couple  of  days,  water  is  aJded  to  the  dark  green  solution, 
the  whole  of  the  biliverdin  being  precipitated  In  this  process,  again, 
the  production  of  the  body  in  associated  with,  and  dependent  upon, 
the  atmospheric  oxygen. 

Maly*  also  converted  bilirubin  into  biliverdin  by  the  oxidising 

1  Rich.  Muly,  'Uabcr  Biliverdin/  Aus  Untersnnhnngen  itber  die  GmUenfarb«toffe, 
IV.  AblmudL,  Sitzuntitber.  d,  Wiener  Akudemie,  Vol.  i.xx.  (18741.  The  Auchor  has 
not  seen  this  paper  bnt  quotes  from  the  careful  abstract  iu  Maly's  Jahretbericht, 
Vol.  IV.  (1875),  pp.  302—304. 

^  Mal>-,  Sitmngtbcr.  d.  Wiener  Akad.,  Vol,  Lvn.  (1808).  Quol«d  by  Maly  in 
Henna&D'B  Uaudbuch^  Bd.  vn.  p.  158. 
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action  of  peroxide  of  lead,  the  change  taking  place  with  eslra- 
ordinary  rapidity.  To  an  alkaline  solution  of  bilirubin  some  PliO, 
is  addefl  and  the  mixture  is  stirred.  In  a  couple  of  minuted  th* 
fluiil  assumes  a  dark  green  colour.  On  now  faintly  acidifying  it  wiik 
acetic  acid,  a  compound  of  biliverdiu  with  lead  falls.  This  is  decom- 
posed by  means  of  alcohol  containing  sulfihuric  acid  in  solution.  The 
alcoholic  solution,  filtered  from  precipitated  lead  sulphate,  is  poured 
into  water  and  the  flocculent  precipitate  of  biliverdin  is  collected. 

Physical  and  'Biliverdiu  is  a  blac^kish  green  solid  which  is  umi 

chemical   pro-    amorphous,  but  which  has  occasionally  been  obtaiat 

***rtte  **'  ^^"  '"  ^^^  ^^^'^^^  ^^  green  rhombic  plates  wnth  truncated 
ends,  by  evaporating  its  solution  in  glacial  acetic  acul 
It  is  insoluble  in  water,  ether,  pure  chloroform,  benzol,  and  carbon 
disulpbide.  It  is  readily  soluble  in  ethyl  alcohol,  methyl  alcohcl.  m 
glacial  acetic  acid  and  alno  in  chloroform  which  contains  alcohol,  or 
which  lias  been  mixed  with  glacial  acetic  acid.  It  dissolves  in 
concentrated  sulphuric  acid,  forming  a  solution  which  is  precipitate 
by  waten  Strong  hy<lrochloric  acid  dissolves  some  biliverdiu.  Acid 
solutions  of  biliverdin — e.g.  solutions  in  glacial  acetic  acid,  are  of  a 
beautiful  tieiy -green  Cflour.  Neutral  solutions  are  of  a  sap-greeu 
colour,  whilst  solutions  in  alkalies  are  yellowish-green  or  brownish- 
green  and  are  precipitated  by  acids.  Solution  of  calcium  and  barimn 
hydrates  throw  down  from  alcoholic  solutions  of  biliverdiu,  flocculent 
Ba-  and  Ca-compounds,  Solutions  of  biliverdin  exhibit  with  the 
spectroscope  no  rlefinite  absorption  bands.  The  absorption  increases 
from  the  red  towards  the  vitjjet  end  of  the  spectrum,  so  that  the 
extreme  red  is  16  times  less  absorbed  than  the  violet  between  G 
and  W: 

Heintz  had  discovered  that  when  the  reddish- 
yellow  colouring  matter  of  the  bile  is  intro<luced  iato 
absorption  tubes,  coataining  oxygen  and  standing  over 
mercury,  as  the  colouring  matter  assumes  a  greoD  tim 
the  volume  of  oxygen  diminishes.  Stadeier,  as  a 
result  of  his  analyses,  believed  that  bilivcnlin  ditfered  from  bilirubin. 
as  shewn  by  the  following  equation  ; 

C„,H„NsO,  +  H3O  +  O  =  Cj.H^NjOa  (Stadeier). 


OoznpoBltlon 
of  bUlverdln 
and  Ub  rela- 
tloii  to  biliru- 
bin. 


Bilirubin. 


Biliverdin. 


The  concordant  analyses  of  Maly  and  of  Thudichum  both  agref 
in  assigning  to  biliverdin  a  formula  differing  from  that  of  SliiaeljJ 
(CbHsNO-)^.  Thudichum,  whose  formula  of  bilirubin  (C^HpNOj 
obviously  incorrect,  has  expressed  the  view  that  when  that  body  ii 
converted  into  biliverdiu  it  is  due  to  an  oxidation  which  leads  to  m 
elimination  of  CO,.  This  view  ia  unquestionably  founded  on  error, 
and  is  disproved,  firstly  by  the  concordant  analyses  of  pure  bilirubio 
made   by    Stadeier,   Maly  and  Hoppe-Seyler,   and  secondly  by  tht. 

'  Maly,  Hermann'a  Handhuch^  Vol.  vn.  p.  159. 
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analyses  of  biliverdia  made  by  Maly  and  by  Tbudicbum  himself.  A 
comjjarison  of  the  two  sets  of  analytical  results  aod  of  the  empirical 
formuLe  for  bilirubin  and  biliverdin  dedncible  from  them  establishes 
that  biliverdin  ditfers  from  bilirubiu  only  in  coiitaiuiug  more  oxygen. 
A  study  of  the  relations  of  bilirubin  to  biliverdin,  and  of 
tribromobilirubin  have  led  chemists  to  double  the  formula  originally 
assigned  to  bilirubin  by  Stiideler  as  well  iis  that  originally  assigned 
to  biliverdin  by  Maly.  The  relation  of  bilirubin  to  biliverdin  is 
expressed  in  the  equation 

C„H,N.O.  +  0,  =  C„H„NA.    (Maly.) 


Bilinibiu. 


Biliverdin. 


Sect.  9.    Some  derivatives  of  the  normal  biliary  colouring 

MATTERS. 


1 .     Hydrohilirnhin. 

If  the  nonnal  bile  colouring  matters  are  amenable  to  the  action 

of  reducing  agents,  their  reduction  must,  without  a  doubt,  be 
effected  in  the  intestinal  canat,  where  the  presence  of  free  hydrogen, 
the  development  of  sulphuretted  hydrrtgen,  &c.  shew  that  conditions 
^Jtist  which  are  adequate  to  the  reduction  of  organic  bodies.  8uch 
*'to  the  reasoning  which  led  Richard  Maly*  to  commence  the  investi- 
gation of  the  products  of  reduction  of  bilinibin. 

'ttptmtlon.  Bilirubin  prepared  from  the  gall-stones  of  the  ox 

was  suspended  in  water  to   which  was  added  sodium 

amalgam  in  small  pieces.     At  the  commencement  of  the  process  no 

?*seous  hydrogen  was  evolved.     The  suspended  bilirubin  was  soon 

disBolveil  by  the  sodium  hydrate  resulting  from  the  reaction ;  after 

*Ottie  time   the  brown  solution  became  gradually  lighter  in  colour 

^'^d,  on  being  shaken,  bubbles  of  hydrogen  gas  were  evolved.     An 

^^cejis  of  sodium  amalgam  being  ailded,  the  process  was  allowed  to 

S*^  on  at  ordinary  temperatures  for  two  or  three  days  and  then,  by 

fhe  aid  of  gentle  heat,  on  the  water  bath,  until  no  further  change 

^^  the  colour  of  the  solution  could  be  observed.     The  solution,  being 

Recanted  from  the  subjacent  mercury,  was  treated  with  an  excess  of 

hydrochloric,  or  acetic,  acid.     The  addition  of  acid  proved,  at  once, 

^'^t  the  bilirubin  had  been  acted  upon,  for  the  liquid  assumed  a 

<lark  garnet-red  colour,     llie  greater  part  of  the  colouring  matter  is 

Glider  these  circumstances   precipitated   in   dark    red-brown  flakes, 

though  a  part  remains  dissolved.     In  proportion  as  the  precipitate  is 

■''eed  from  alkaline  chloride  by  washing,  it  becomes  less  soluble,  so 

^hat  when  it  contains  neither  chlorine  nor  fixed  residue  the  washings 

"^^erely  exhibit  a  pale  rose-red  tint. 

*  Maly,  *  UntersuohnngeD  ttber  die  GalleafarbHtoffc.   in.  Umwandlung  von  Bilirabiji 
^  ftAmfarbptoff,'  Anrial.  d.  Chem.  u.  Pharm.,  Vol.  CLXXii.  pp.  77—95. 
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The  precipitated  body  to  whkh   MaIt         _ 
liydrobilinibin  ia,  like  the  bilirubin  from  whicb  it  is  daived.1 
in  solutions  of  ammonid  and  the  alkaline  hvdraxeo^  from 
precipitated  on  the  addition  of  acids.    Unlike  bilirabio.  the 
product  is  very  readily  soluble  in  alcohol,  and  ha  alkaline  bnti 
solations,  when  concentrated,  aaaame  a  garnet-red  tint  en  the 
of  acida  or,  if  dilute,  appear  of  a  roAe-red  colour.     SolatitfCia  d 
bitimbin  are  iDcapable  of  assuminj;  a  ^rreen  tint  under  the 
stances  which  cause  solutions  of  bilirubin  to  beeocne  green.    CkW 
form  dissolves  hjdrobilirubin,  acquirios  an  orange  ooloor.  and  p} 
up  the  pigment  to  alkaline  solutions  when  treated  with  tbeae. 

Hydrobilinibin  has  not  hitherto  been  crystallised.     It  app 
form  readily  soluble  compounds  with  the  alkaliea  and  alkaline 
and  Hparingly  soluble  or  insoluble  compounds  with  the  beary 
From  the  results  of  his  analyses.  Maly  assigned  to  bydrofatiirubtn 
empirical  formula  C„H4i,N407,  and  explains  ita  rela^on  to  bi 
by  the  following  equation  : 


Bilirobin. 


Hvdrobnimbui. 


saltpeti 


Abel  detennined  the  molecular  weight  of  hydrobilirabin 
Baoult's  method  and  obtained  results  which  agree  with  Mi 
formula*. 

When  treated  with  one  drop  of  sulphuric  acid  and  a  tiny  gra.m 

:re,  hydrobilirubin  exhibits  the  variegated  tints  charactenstic 
Gmelin*s  reaction.     This  reaction  of  hydrobilirubin  may  be  coo- 
veniently  referred  to  a.^  'Liebermavn's  reaction,'  after  its  discoverer*. 

Amongst  the  most  striking  characteristics  of  hydrobilirubin  aw 
its  properties  of  fluorescence,  when  treated  with  zinc  chloride,  and  iti 
absorption  spectrum  under  various  conditions. 

Whereas  solutions  of  bilirubin  and  biliverdin  exhibit  no  abeorptiai 
■bands,  acid  (red)  solutions  of  hydrobilirubin  exhibit  a  dark  band 
iween  b  and  F,  which  fades  on  the  addition  of  ammonia,  but 
jomes  again  much  darker,  and  shifts  a  little  towards  the  red  end, 
when  the  ammoniacal  solution  is  treated  with  a  couple  of  drops  of 
zinc  chloride.  The  zinc  chloride  solution,  when  examined  by  tnuis* 
mitted  light,  is  of  a  rose-red  or  a  garnet-red  colour  according  Ut 
concentration,  and  exhibits  a  beautiful  green  fluorescence  wnich 
disappears  on  the  addition  of  acids  and  reappears  on  the  addition  o( 
ammonia. 


*  For  A  mora  recent  refuwrch  on  Urdrobilirubin  thui  HAly'ii  «onimU  tW 
followioK:  Lodvi^  Disqu^,  'Ueb«r  Urobilin'  (au8  dem  pfavHiol-ohem.  Ixietitot  n 
StriuiHburg).     ZdUchr.  /.  pby$.  Chemie,  Vol.  ii.  (1879),  pp.  259—272. 

'  John  J.  Abel  'Beittimmang  dcs  Molecularueniclitcs  der  Cholalsiiure,  dec  Oboltf- 
terioi  und  des  H^drobilirubinB  n&cb  dem  R&ouU'schen  Motkodu'  (Nenoki's  IaI;> 
Bern.).     Monatsch.f.  Chemif,  Vol.  xi.  (1891),  pp.  61—70. 

>  Leo  Li»bermanD,  'Ceber  Cboletelin  und  UydrobiUrcbin,'  Pfliiger'ii  ^rcAtv,  ToL^ 
(1874),  p.  346. 
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Byierordt'  has  examined  hydrobilirubin  spectro-photometrically 
1^  when  dissolved  in  alcohol  and  in  a  .solutiou  of  ammonia.  In 
he  case  of  tiie  former  the  maximum  absorption  is  between  X519"a 
j»d  \501-2 ;  in  the  case  of  the  latter  between  X5011  and  \486  r. 

^P  Biliary   Urobilin  (?). 

Joff^'  by  ti-«atiug  the  bile  of  the  dog  or  its  alcoholic  extract  with 
Hluie  hydrochloric  acid,  obtained  a  reddish-yellow  filtnvte  which  possessed 
ipvctP.'SCopic  characters  which  reaembled  those  of  h  pigment  which  he 
bund  in  normal  and  pathological  urini'S  uud  to  which  he  subsequently* 
ucribed  the  name  of  urobilin.  MocMuim*  hy  treating  the  bile  of  various 
utimala  (man,  pig,  ox,  sheep,  mouue)  witli  alcohol  and  acetic  acid,  filteriag, 
lilutiug  the  ti!ti-ate  with  water  and  shaking  with  chloroform  observed 
tint  an  orange  bolution  is  sometimes  obtained.  He  evaporated  this 
xdonred  solution  on  the  water  bath  and  extracted  the  residue  with  rectiHed 
ipirit.  The  solutiou  jKissessed  twu  bauds  very  like  those  of  hydrobilirubin. 
With  ammonia  and  sdnc  chhtride  it  assumed  a  i-cd  coloiu"  which  on 
exposure  to  air  exhibited  a  green  fluorescence.  This  pigment  is  accoi-ding 
•oMacMunn  probably  formed  in  the  liver  from  hydmbilirnbin-like  produotA 
arried  to  it  from  the  intestine  by  the  port«.l  blood. 

It  i»  well  to  point  out,  however,  that  the  bile  of  no  animal  during  life 
ir  iaim«*diat«ly  after  death  exhibits  chiiracters  which  entitle  us  to  admit 
he  existence  of  a  biliary  urobilin  and  that  by  the  methods  erajdoyed  by 
faffs  and  by  MacMunn  secondary  products  are  formed  which  we  have  no 
ight  to  class  amongst  proximate  principles.  Of  such  a  nature  l>4,  without 
shadow  of  doubt,  biliary  urobilin. 

The  subject  of  urobilin,  or  rather  of  the  urobilinoid  bodies,  will  be 
onaidered  in  connection  with  the  urinary  pigments.  In  this  place  it  will 
e  merely  remarked  that  according  to  the  uiajority  of  physiological 
bemists,  these  bodies  which  have  never  been  obtained  in  u  pure  condition 
^  in  a  strictly  scientific  sense,  proved  to  be  individual  Bubstanoes  are,  if 
01  identical  with,  yet  immediately  related  to^  the  product  which  Maly 
Gained  by  the  action  of  reducing  agents  on  bilo,  and  to  which  he  ascribed 
ie  name  i.»f  hydrobilirubin.  With  this  view  the  Author  entirely  concurs. 
[acMuun  who  has  paid  great  attention  to  this  subject,  is  of  a  different 
nmon. 

It  appears,  however,  inadmissible  to  draw  far-reaching  conclusions  as 
the  existence,  origin,  identity  and  relations  of  complex  organic  bodies 
ly  from  the  study  of  the  abso]*ption  spectra,  or  rather  of  the  absorption 
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Tieronlt,  '  Die  Anwendang  dea  Speatralapparates  zor  Phatometnc  der  Absorpiion- 
«ctren.'     Tiibiugcu,  IflTS. 

*  The  original  obser^'Ations  of  Vierordt  on  the  absorption  spectra  of  hydrobilirubin 
e  reprinted  in  the  work  entitled  Kolorimetrit  und  quantitative  Speetralanalt/tt  in 
■rtr  Antcendung  in  der  Chemie  von  Dr  Gerhard  KnUH,  a.  0.  Professor  dvr  Cbomie  in 
ir  Kgl.  UniverBitat  in  MuncheD  und  Dr  Hugo  ErUsa  iu  Hamburg.  Hamburg  and 
eipKig,  1891.     Refer  to  pa^es  214  and  *215. 

*  M.  Jaffe,  '  Bcitrag  zor  KenntniBs  der  Gallen  and  HampigmenCe.'  Centralhlatt 
d.  m*d.  WUnemchuft,  Vol.  vi.  (1808),  pp.  240—246. 

*  Jiiff6,  *  Zur  Lehrc  von  den  Eigenschaftcn  and  der  Abstammang  der  Hampigment^,* 
irebow's  Arehiv,  Vol.  xlvh.  (1801*).  pp.  406—427. 

ttuin,  Procttdingt  of  tht  Hoyal  Society^  1880,  No.  20ft. 
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bands,  of  org&nic  tltuds  or  extracts,  and  of  the  chatigtw  which  they  ext 
under  the  influence  of  certain  reagents.     Such  a  study  shaold  only  affo 
hints  for  inveatigatious  to  be  coudncted  by  the  recognised   oiethodi 
chemical  investtgatioiu     It  is  only  by  a  spectre- photo  me  trie  study  of 
large  number  of   s|>ectral   regions   that   tlie   identity   of,   or    the   opti( 
differences  existing  between  two  bodies  can  be  established.     So  great 
the  modifications  in  light  absorption  introduced  by  comparatively  trii 
circumstances  thut  the  greatest  caution  should  be  exercii>ed  in  conclni 
as  to  differences  lx;tween  otherwise  related  bodies  on  the  ground  of 
variation  in  their  powers  of  absorbing  light. 

Bilicyanitit 

It  has  already  been  stated  that  when  bilirubin  is  subjected  to  the 
oxidising  action  of  nitric  and  nitrous  acids,  one  stage  in  the  reactioo 
which  ensues  (Gmelin'a  reaction')  is  characterized  by  a  beautiful  blue 
colour  and  by  a  somewhat  characteri-stic  absorption  .Hpectrum.  Several 
observers  have  attempted  to  separate  the  body  upon  which  the  blitf 
colour  depends  and»  although  it  has  never  yet  been  obtained  in  a 
state  to  admit  of  scientific  research,  it  has  already  received  variiHtt 
names. 

•  Stadeler*  was  the  first  to  attempt  to  separate  thi« 
Proparat  on.  ^;(Jlou^.J^g  niatter.  He  added  concentrated  nitric  acid, 
containing  some  nitrous  acid,  drop  by  drop,  to  a  dilute  ammoniacal 
solution  of  bilirubin,  adding  troDi  time  to  time  ammonia  in  qiiandtj 
sufficient  nearly  t-o  neutralise  the  excess  of  acid ;  there  is  tbua 
obtained  a  green  flocculent  precipitate  which  gradually  turns  blue. 
After  washing  with  water,  the  ^een  pigment  is  extracted  by  meaiifi 
of  alcohol,  which  leaves  a  dark  blue  powder  undissolved.  The 
quantity  of  this  substance  obtained  by  Stadeler  did  not  permit  of  its 
investigation. 

Jaff^^  mollified  Stadeler'a  method  somewhat.  An  alcobotie 
solution  of  biliverdin,  or  a  mL\ed  ammoniacal  and  alcoholic  solution 
of  bilirubin,  is  treated  exactly  as  Stadcfer  recommended.  As  sooo 
as  the  blue  colour  bus  beeu  developed,  the  liquid  is  mixed  with 
chloroform  and  distilled  water  and  shaken.  The  blue  chloroform 
solution  is  repeatedly  shaken  with  distilled  water,  any  biliverdin 
which  has  separated  is  filtered  ofif,  and  the  chloroform  solution  allowed 
to  evaporate  spontaneously.  The  residue  is  freed  froru  truces  of 
biliverdin  by  repeated  solution  in  chloroform. 

Stokvis',  and  afterwards  Heynsius  and  Campbell^  attempted  to 


1  Stiidelcr,    'Ueber   die    Farbfltofle   der  Galle,*  Annal^ii.  der  Chemie  u.  Pkarm. 
Vol.  cixxn.  (1864).  p.  3B8. 

>  J&ff£,  'Zor  Eenntniss  der  Gallon  uud  Eampigmente,'  Centralblatt  /.  d. 
Wwenschaft,  1868,  p.  243. 

'  B.  J.  Stokvis.  'Ueber  Gftllenfarbstoffe/  Ber.  d.  d,  Chem.  Q($dUeh,  Berlin.  1 
p,   583.     Mal.v'R  Jahraberieht,  Vol.  u.   239;    'Das  Omelin'sche  (blaae)  Ozydaki< 
product  der  Galleufarbstoffe.'     Cfittralblott  /.  d.   med.   WUteiuchaft,    1872.  do 
Maly's  Jahre*bericht,  Vol.  n.  p.  239. 

*  Heynsiiu  and  Campbell,  '  Die  Oxjdationsproducte  der  GallenfarbBtofle  and  ihra 
Abftorpiionastreifen/  Pfluger^a  Arehiv,  Vol.  it.  (1871),  pp.  529  et  ieq. 
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Ibe  Um  €oI«u  wig^  — tter  Mid  Ju«ia<d  hs  spectroscoptc 
it«  in  tW  fint  miliTr.  dioleverdia  ftod 
wliUst  Hcjvitts  mud  Ounpbell'  applied  to  it 
tern  faOic3;san  br  vlucfa  it  is  now  known. 

The  pnxSnct  wfaicb  ve   &re   dot  oooadenng 
^•^     ^otMkm,  not  been  obuin^d  in  a  porp  oonditioa 
haft  never  been  subfectcd  to  aiuJyii&     It  is  tiot  tl 
fore  sorprisiii^  that  the  descnptkn  of  its  propeitiee;' 
bj  the  vanoos  perBons  who  b&ve  inveatmted  it>  tihould  differ 
~\j.    As  has  aireadj  been  stated,  aocxwding  to  StAdeler.  bili- 
'cyamn  ptesenta  the  appeaianoe  of  a  Uackish-bhie  powder.     Accord- 
ing to  Jaff^  if  freed  from  evenr  traoe  of  acid  it  is  not  blue  but  dark 
violet.     It  is  ins«.4able  in  water  but  readily  soluble  in  alcohol,  ether 
lAod  chorot'onn,  imparting  to  theae  liquid^i  a  beautiful  riolet  colour 
!  which  is  changed  into  a  lorelj  blue  on  the  addition  of  a  trace  of 
acid. 

Add  solutions  of  bilicjanin  piesent  two  absorption  bands  which 
are  identical  with  those  which  are  seen  during  the  first  stage  of 
Gnieiin's  reaction  and  which  are  situated  on  either  side  of  the 
D  line  (see  Plate  L,  Spect.  3).  The  band  between  b  and  F  which 
can  be  seen  in  the  spectrum  of  GmeHn's  reaction  is  not  due  to 
bilicyanin,  a$  was  supposed  by  Uernsius  and  Campbell,  but  to 
the  more  oxidised  product,  choletelin.  According  to  JaHe,  neutral 
and  alkaline  solutions  of  bilicyanin  exhibit  no  absorption  bauds. 
Accozding  to  Heynsius  and  Cainpbell.  they  pre-sent  equally  strong 
„  abaorption  hands,  though  their  position  is  ditferent;  they  are  some* 
what  shifted  towards  the  red  end  in  the  case  of  the  neutral  and 
alkaline,  as  compared  with  the  acid,  solutions. 

Nature  ajid  Bilicyanin  appears,  unquestionably,  to  be  a  product, 

hiH^^^^i^  '^^  ^  mixture  of  products,  resulting  from  the  moderate 

oxidation  of  bilinibin  and  bilivordiL.  This  oxidation, 
if  Carrie*!  furtlier,  furnishes  the  body  to  be  subsequently  described  as 
choletelin.  Bilicyanin  occurs  occasionally,  in  small  quantities,  in  gall- 
etones. 


ChoUtdin*  (CaH^N^O,,?). 

The  name  choletelin  was  given  by  Maly*  to  the  product,  or 
mixture  of  products,  which  results  from  the  prolonged  action  of  nitric 
and  nitrous  acids  on  the  bile  colouring  matters,  the  formation  of 
which  coincides  with  the  final  (yellow)  stage  of  Gmelin's  reaction, 
which  is,  therefore,  now  often  designated  the  choletelin  stage. 

1  The  reader  who  i«  vpefiUlly  interested  in  bilieyanin  is  referred  to  the  t&bte  of 
■peotra  which  aooompaniec  the  prBviouslv  cited  papur  of  HeyusiuK  and  Campbell. 

^  Derived  from  ^oX^,  bUe  and  rAof,  the  end. 

^  Maly.  Sitzung^her.   d.  }\'iau:T  Akad.   Vol.  lyu.   2  Abth.  Febr.  1868:    Vol.  l«. 

3  Abth.  April.  1869.     The  aocoant  here  giveD  of  choletelin  ia  taken  from  the  aooonni 

iven  hy  Moly,  Hermann's  Uandbwh.  Vol.  vii.  p.  165. 
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preDAfftti  Bilirabin  is  suspended  in  alooboi  and  the  mi 

treated  with  nitrous  acid,  evolved  by  the  actiou 
nitric  acid  on  arsenic.  The  liquid  assumes  successivelv  ail  the 
colours  of  Gmelin's  reaction,  the  bilirubin  dissolves  and  a  clear  \u\m^ 
is  obtained  uf  a  yellowish  red  coluur  and  possessed  of  slight  tiDctnnii 
power.  When  this  liquid  is  poured  into  water,  choletelin  separatei 
in  the  form  of  flakes  having  the  colour  of  ferric  oxide;  these, 
dried,  furnish  a  brown  powder.  Choletelin  has  not  been  cryst 
it  is  soluble  in  alkaline  solutions,  from  which  it  is  precipitated 
the  addition  of  acids  ;  it  is  soluble  in  chloroform,  alcohol,  ei\ 
an<l  acetic  acid. 

Acid  solutions  containing  choletelin,  as  for  example  the  yell 
liquid   which   is  obtained   in   tlie   final  stage   of  Gmelin's   reaoti< 
exhibit  an  absorption  band  between  b  and  F;  this  absorption 
is  generally  visible  at  the  same  time  as  the  two  bilicyanin 
though  it  does  not,  as  Heynsius  and  Campbell  believed,  belong 
that  ^ubstauce. 

Accuixling  to  the  observations  of  Maly  and  of  Liebermf 
neutral  alcoholic  solutions  of  choletelin  exhibit  no  definite  absorptil 
baud,  and  the  accuracy  of  their  statements  is  placed  beyond  ioni 
by  the  very  complete  spectro-photometric  determinations  of  Vien^ 
who  made  the  interesting  additional  obser\*ation  that  an  alkalii 
sohition  of  biliverdin  left  to  itself  for  56  days  yielded  re8ultfe  on" 
spectro-photometric  analysis,  which  corresponded  exactly  with  lho« 
which  would  be  yielded  by  a  solution  containing  a  mixture  of  pure 
biliverdin  and  choletelin. 

ReUtioni  of  We  have  already  referred  to  the  fact  (p.  320)  tl 

choletelin  to  the  iictioii  of  uitric  and  nitrous  acids  on  bilirubin,  «5 
the  bue colour-  Jeternuuei  by  a  comparison  of  the  elementary  com- 
rs.  position  of  bilirubin,  biliverdin  and  choletelin,  is  one  of 
progressive  oxidation  and  that  the  amount  of  nitrogen  renuuus 
unchanged. 

C  N  O 

Bilirubin  contains  67'lg  9-8^  16-8J 

Biliverdin       „  63'6„  9'3,.  21-2„ 

CLoIetelin       „  55'5„  9-1  30*0,, 

Relying  on  the  very  misleading  fact  that  the  band  observed 
acid  solutions  of  choletelin  occupies  very  nearly  the  position  of  the 
well-marked  band  of  hydrobilirubin,  vStokvis,  as  well  as  Heynsias 
and  Campbell,  expressed  the  belief  that  the  products  of  the  actioD 
of  nascent  hydrogen,  on  the  one  hand,  and  of  nitnc  and  nitrouf 

1  Leo  Lieberm&nn,  *  Uebcr  ChoIet«lin  und  Hydrobilirubin,"  Pfluger's  Arekir. 
Vol.  X.  (1874).  p.  246. 

'  K.  Viprordt.  » Phyiiologischc  Spectralanalysen/  ZfiUchrift  fiir  Biologit,  Vol.  t 
(1874),  pp.  21— 5W  nod  Vol.  x.  3D9 — 409.  A  very  complete  abitraot  of  the  part  of  thii 
papt;r  which  d^aU  with  the  Bi>eotro- photometry  of  the  bile-oolouriog  matten  i*  givTuio 
Maly'tt  Jahre*birieht,  Vol.  iv.  p.  76 — 85.  A  tablo  gi\ing  the  speotro-phoConwtrii 
ooDHtanta  of  oholetelln  is  lo  be  found  in  Kxiiaa's  *  Kolorimetrie,  Ac,'  p.  321, 
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acids,  on  the  other,  were  identical — in  other  words  that  choletelin 
and    hydrobilirubin  were  one  and  the   same   substance.     Heynsius.] 
accounted  for  the  same  body  being  produced,  under  such  opposite 
circumstances,   on    the    hypothesis   that    it   was   a    product    not    of 
oxidation  or  of  reduction,  but  of  the  sp[itting-up   of  the  molecule 
of  bilirubin   or   biliverdin :   it  being   true   that  the  decomposition 
of  some  ver)'  complex  substances  sometimes  occurs  under  circum- 
stances   which    are    widely    different.      Liebermanu    shewed,    bow- 
ever,    that    when    he    converted    bilirubin    into   hydrobilirubin    the 
product  amounted  to  95g  of   the   bilirubin  employed,  whilst  when 
he  converted  it  into  choletelin,  the  product  obtained  only  represented 
72*§  of  the  bilirubin  employed.      A  comparison  of   the  elementary 
composition   of  bilirubin,  hydrobilirubin  and  of  cholotcliu  at  once 
fdemonetrates   the   wide   dit^ereuce    which   e.Kists  betwe^'U   the   two 
iter  substances  as  well  as  in  their  relations  to  bilirubin. 


COMPOSITIOK  OF  BILIEUBIN.  CHOLETELIN  AND  HYDROBILIBUBIN. 


Carbon 
Hydrogen 
Nitrogen 
Oxygen 


Bilirabin 


67-1 
6-3 
9-8 

16-8 


Choletelin 


55-5 

5-4 

9-1 

30-0 


Hydrobflirobio 


64  9 

67 

9 '5 

18-9 


^»  The  following  tabular  statement,  brings  out  very  clearly  the 
points  of  difference  in  physical  characters  between  hydrobilirubin 
and  qholetelln. 


Produced    from 

rubin, 


bill- 


EydrobUirubin. 
By  reduction. 


Oholetelio. 
By  oxidation. 


The  spectrum  of  a  neu- 
tral alcoholic  solu- 
tion. 


Colour  of  an  acid  solu- 
tion. 


Exhibita  an  absorption 
band  between  X501  -2 
and  A4861. 


Oamet-red  to  rose-red, 
according  to  concen- 
tration. 


No  absorjition  band. 
The  absorption  of 
light  between  A501-2 
and  A486I  is  Ath 
of  that  observed  in 
the  case  of  hydro- 
bilirubin, cetieri^  pa- 
rihug  (Vieroitlt). 

YeUow. 
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Colour  of  alkaline  solu- 
tion. 


HydrobiUrnbin, 

Brownish-yellow  to  yel- 
low, according  to  con- 
centration. 


Cboletttliii. 


Yellow. 


Fluorpsceut  properties 
of  an  ammoniacal 
solution  containing 
zinc. 


Exhibits  a  green  fluor- 
escence. 


No  fluorescence 


Reaction  when  tre-ate<l 
with  one  drop  of 
Huljihuric  acid  and 
a  tiny  grain  of  salt- 
petre (Liobermann). 


Exhibits  thevariegato^ 
colours  characteristic 
of  Gmelin*8  reaction. 


None 


Beylers 
obserTatlons 


Sect.  10.    Imperfectly  investigated  CoLoimixG  Matters  not 

FREEXISTENT  IN  BlLE,  BUT  DERIVED  FBOM  ChHOMOGENS  EXIST- 
ING  IN   IT. 

1.     Cholohwmatin, 

When  the  bile  of  the  sheep  or  of  the  ox  is  examined  some  time 
after  death,  especially  after  it  has  been  well  shaken  with  air,  \\ 
usually  presents  an  absorption  spectrum  which  is  characterised  by 
the  presence  of  four  tLbsorj)tion  bands  (see  Plate  IL  tig.  1)  tbf 
position  of  which  will,  in  the  serjiiel,  be  indicated. 

Hoppe-  lu   the   thii-d   edition   of   his  practical   handbook, 

published  in  1870,  Hoppe-Seyler*  speaking  of  the  bile 
of  the  ox  described  it  as  possessed,  when  fresh,  of  % 
green  colour  and  exhibiting,  when  tolerably  thick  layers  are  exanutied 
with  the  spectroscope,  an  absorption  band  between  D  and  E,  bi:t 
nearer  D.  He,  however,  asserted  that  when  such  bile  is  kept  it 
exhibits  a  spectrum,  also  observed  in  the  case  of  the  alcoboltf 
solution  of  evaporated  ox-bile,  marked  by  4  absorption  bands,  id 
which  one  is  close  to  C,  a  Hecond  between  C  and  D  but  closer  toD. 
a  third  between  D  and  E  but  closer  to  D,  and  a  fourth  in  lb< 
proximity  of  E.  This  author  remarked  that  the  colouring  uiatur 
Avhich  occasion.s  this  spectrum  is  also  found  iu  sheep's  bile,  but  thai 
nothing  was  known  in  regard  to  it. 

Theobwr-  In  1S71,  in  their  already  quoted  paper.  Hejujin* 

vatioDB  of  and  Campbell  gave  an  admirable  and   in  all    re.sp«*ct 

HeynsiTu  uid      accurate  piate^  of  the  spectnun  observed  on  exaraiuLttg 
an  alcoholic  solution  of  ox-bile.     They  made  the  oiort 


Campbell. 


^  F.  Hoppe-Seyler,  Handbuch  der  phya.  w.  path,  chrmisch.  Analyge,  Dritif  Aot 
Berlin.  1870,  p.  182. 

3  A.  Heynsiiu  and  J.  F.  F.  Campbell,  ■  Die  Oiydationsproduote  der  G&ilenlarbitofli 
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^^jmportant  assertion  that  tlie  bile  of  the  ox  in  the  fresh  condition 
^Hpre^Dts  na  absorption  bands,  and  that  even  the  alcoholic  extract  only 
^presents  bands  after  exposure  to  air. 

MicMuiui'a  In   18S0  MacMunn*,  obviously  unacquainted  %vith 

obwnraUoM.  ^jj^  previous  ohservatious,  described  the  bile  of  the  ox 
and  sheep  as  follows: — "When  obtained  fresh  it  is  green,  but  soon 
changes  to  reddish-brown,  and  presents  exactly  the  same  spectrum 
when  obtained  from  the  ox  that  it  doe.s  when  it  is  got  from  the 
sheep.  This  spectrum  is  a  very  tine  one,  and  presents  in  a  deep 
layer  three  bands,  in  a  thinner  one  four  bands,  and  in  a  still  thinner 
a  fifth  band  at  i'  is  visible." 

Subsequently  MacMunn  published  more  detailed  descriptions  of 
tbe  colouring  matter  which  occasioned  the  peculiar  spectrum  in  the 
bile  uf  the  ox  and  sheep*  and  assigned  to  it,  because  of  its  su[)p()sed 

^ genetic  relationships,  the  iiume  of  cholohsematin*;   to  MacMuiiu's 
researches  we  shall  again  refer. 
The  Aatiior'i  The   reader   will   have  remarked    the    great    dis- 

Ohoio^*"*ti  crepaucy  between  the  results  of  the  three  sets  of 
tton-eiiaieiit  researches  referred  to  and  it  apjjeared  to  the  Author 
Jatiiebueat  desirable  to  determine  whether  the  so-called  cholo- 
tte  moment  of  haimatin  ever  occurs  in  the  bile  at  the  moment  of 
'^***'  death.     In   order  to   settle   the    point    he    completely 

"«ed  sterilised  pipettes  with  bile  collected  from  the  gall-bladders 
**^  oxen  and  sheep  immediately  after  the  animals  had  been  killed, 
^d  at  once  sealed  the  pipettes  in  a  flame,  taking  care  to  occlude 
po  air.  At  the  same  time  samples  of  the  same  bile  were  collected 
'*^  stoppered  glass  bottles,  care  being  taken  that  the  liquid  only 
P^f^ially  filled  them.  These  bottles  w^ere  then  shaken  so  as 
taorcjughly  to  mix  their  liquid  and  gaseous  contents. 

Ifrom  a  large  number  of  observations  it  reaulte<l  that  the   bile 

^"^11  obtained  from  the  gall-bladder  of   the  ox  or  sheep,  without 

^*^'*iiug  into  contact  witli  air.  does  not  exhibit  the  spectrum  ut  cholo- 

"^■xiatin,  though   in  thin  layers  a  somewhat  indetinite  absorption 

w^Ud,  having  its  centre  at  about  X490,  is  visible.     Wheo,  however, 

*^<^h  bile  is  shaken  with,  or  exposed   to,  air,  within  an   hour,  the 

*'*6orption  bands  on  either  side  of  D  commence  to  appear,  the  one 

between  D  and  E  being  the  darker  and  more  easily  recognisable. 

ft  is  very  much  later  that  the  complete  spectrum  of  cholohaMuatin 

^  visible,  t.e.  that  the  bands  near  C  and  between  E  and  h  make 

their  appearance. 

It  is,  however,  to  be  noted  that  the  change  which  occurs  in  the 
colour    of    the    bile    and    in    its   spectroscopic   appeaninces   is   not 

and  ihre  AbflorptionflMrcifen*  (with  plate).  Pfliiger's  Archiv.  Vol.  iv.  ace  540  and  641 
and  Bpect.  1*2  (ale.  ext.  von  fel  tauri  inspiutcat.). 

*  M&cMann,  Tht  Spfrtroncnpf  in  Mrtiicinr.  London,  1880,  aee  p.  158. 

•  MaoMoikD,  Procet'din^s  of  the  Royal  Society,  li^3,  no.  226. 
>  MacMiuui,  *Bile  Pigments  and  Others.  Vounia/  of  I'hyiiologjftVol.  Ti.pp.  22e(M9, 
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connected  with  putrefaction,  but  comraences  as  soon  as  the  hilt;  ii 
brought  in  contact  with  the  atmospheric  oxygen, 

FroiD  these  observations  it  is  obvious  that  we  have  no  more 
right  to  say  that  cholohaematin  exists  in  the  bile  of  the  ox  or  sheep 
than  to  assert  that  fibrin  exists  in  the  living  blood.    The  bile  of  these 
animals  at  the  time  of  death  contains  a  cliromogen,  or  chromogens, 
which  under  the  influence  of  oxygen  gives  rise  to  a  body,  or  bmiie-^r 
which  confer  upon  the  bile  the  spectroscopic  characters  studi*^  L«3 
the  first  instance  by  Hoppe-Scylor  and  by  Hcynsius  and  Campbel^^' 
and  afterwards  by  MacMuun.     There  is  no  evidence  that  the  foii^^ 
banded  spectnim  is  due  to  cue  siibstance.     It  may  be,  and  probabl-  - 
is,  due  to  more  than  one  substance;  this  view  is  at  least  rendere?'^'*^ 
probable  by  the  fact,  already  referred  to.  that  at  one  stage  in  th 
development  of  the  final  product,  or  products,  the  spectrum  preseu 
only  the  two  central  bands,  and  that  the  others  are  superadded 
the  process  of  change  proceeds. 

The  Author  wishes  it  to  be  understood  that  he  does  not  aawr 
that  the  so-called  cholohisraatin  is  necessarily  a  product  of  oxidatioc 
of  chromogen  or  chromogens,  in  the  same  sense  in  which  biliverdic^ 
is  a  product  of  oxidation  of  bilirubin  ;  it  may  be  a  mere  product  of  it 
decomposition  which  is  initiated  by  oxidation. 

Ox-bile  is  treated  with  absolut-e  alcohol,  a  few  drops 
of  acetic   acid  are  added,   the    liquid    is    filtered  aoc^^'^ 

shaken  with  chloroform.     The  orange-coloured  chloro * 

form  solution  is  separated,  filtered  and  evaporated  tcr-^^ 
dryness.    On  dissolving  the  chloroform  extract  in  ether  — 31; 
a  greenish  solution  is  obtained  ;    this  is  evaporated  to  dryness,  tb^s^ 
residue  dissolved   in   chloroform  and  washed  again  in  a  separatiof        f 
funnel  with  water.     "  l)n  separating  off  the  chloroform,  filtenng  anc        I 
evaporating  the   solution,  an  amorphous-looking  residue   of  a  darW^s 
sap-green  colour  was  obtained,  which  still  had  a  peculiar  musky  odouarr— . 
On  dissolving  some  of  this  residue  in  alcohol  and  adding  ether  n^o 
precipitate  formed,  shewing  that   bile   salts  could  not   have  becTO 
present." 

It  is  obvious  that  such  a  process  could  yield  no  pure  substance- 
and  that  the  ([uestioo  whether  any  individual  body  exists  to  whic^^ 
the  name  cholohieniatiu  ran  be  applied  remains  an  entirely  op*^^ 
one,  to  be  settled  by  future  researches. 

MacMunn'i  The  spectrum  of  cholohsematin  is  shewn  in  Spect*   ^' 

deBcrtptionof     ^,f  pj^^j^  jj      MacMunn  has  given  the  following  do-*^ 
as  to  the  approximate  position  of  the  four  bands 
cholohsematin,  expressed  in  wave-lengths, 

1st    band  centre  at  \649. 
2nd  band  from  \013      to  586. 
3rd    band  from  X577'5  to  561'5. 
4th    band  from  X537     to  521'5. 

>  MacMonn,  op,  eiU,  Journal  of  Phy$.,  Vol,  vi.  pp.  25  and  36. 


UacBIann'i 
method  of 
aeparatlns 
cholo- 
iLttmatlii'. 


tbe  spectnim 
of  cbolo- 
hanULtln. 


o: 


mm 


THE   MUCOID   NUCLEO- ALBUMIN    OF   BILK 


335 


Hop  pe- 
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wi  on  the 
rare  of  ctio- 
.vmAtiii. 


H<tppe-Seyler  has  enunciated  the  view  that  the 
spectniin  of  the  so-called  choloha-matiu  is  due  to  the 
formation,  by  a  process  of  oxidation,  of  bilicyanin'. 
Mac  Munn  very  correctly  points  out  the  erroneous 
nature  of  this  explanation*.  The  latter  author,  upon 
several  grounds,  but  cHpecially  from  the  fact  that  by  the 
tion  of  sodium  amalgam  on  his  cholohjcmatiu  he  obtaitied  a  body 
th  an  absorption  j»pectrum  very  closely  resembling  that  of  hjeniato- 
rphyrin,  argues  that  cholohsematin  is  a  derivative  of  hsematin. 
lis  view  in  so  far  as  the  normal  bile-colouring  matters,  bilirubin 
d  biliverdin,  are  concerned,  is  tlie  one  which  has  been  generally 
Id  and  is  probably  correct.  What  the  relations  of  the  hypo- 
etical  individual  (if  it  be  one)  cholohaematin  to  the  other  bile- 
louring  matters  may  be,  is  a  question  concoruing  which  we  possess 
I  information,  and  the  solution  of  which  refjuires  a  thorough 
emical  investigation,  such  as  those  by  which  Heintz,  Sta<lelcr, 
id  Maly  gradually  evolved  our  knowledge  of  bilirubin  and  biliverdin. 
le  researches  of  MacMunn  have,  however,  served  the  useful  purpose 
drawing  very  particular  attention  to  the  subject. 

BilifiLscin  and  hUihumin  are  two  products,  probably  derivatives  of 
lirubin  and  biliverdin,  which  are  found  in  gall-stones,  and  which  will 

briefly  treated  of  in  connection  with  these  concretions.  BUipraAin  is 
e  name  given  by  Stadeler  to  a  colouring  matter  which  he  foiuiU  in  the 
l]-«tones  of  tlic  ox  and  which  is  now  believed  to  be  a  mixture  of 
liTerdin  and  bilihumin  (7.  v.). 


^Sect.  11.    The  Mucoid  Nucleo- Albumin  of  the  Bile. 

^t  has  already  been  stated  that  the  bile,  as  it  Hows  from  the 
laller  hepatic  ducts,  is  a  non-viscid  liquid,  of  which  the  specific 
Ustituents  aie  the  salts  of  the  bile  acids  and  the  bile-colouring 
Biters,  but  that  by  admixture  with  the  secretion  of  the  glands 
tuated  in  the  mucous  menabrane  which  lines  the  gall-bladder  and 
le  excretory  ducts,  it  assumes  a  viscidity  which  is  most  marked 
hea  the  bile  has  sojourned  longest  in  the  gall-bladder. 

Berzelius  was  the  first  chemist  to  study  the  body 
which  conferred  upon  the  bile  its  viscous  character  and 
he  came  to  the  conclusion  that  this  body  was  mucin — 
a  view  which  wna  held  until  lately.  The  researches  of 
Landwehr,  published  since  the  lj?t  volume  of  this  book 
apeared,  have  established  that  the  true  mucins  yield,  as  essential 
"oducts  of  their  decomposition,  when  boiled  with  dilute  mineral 
side  or  when  subjected  to  the  action   of  auperheated   steam,  an 

'  Hoppe-Seyler,  Handhuch  f.  phyn.  u.  path,  ehftn.  Analyst,  6te  Anfl.  Berlin,  1893, 
BBJUfiMimn,  Proc.  Rvyal  Sac.  1883,  No.  226,  and  Journ.  of  Phyi,  Vol.  vi.  p.  26. 
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albuminous  body  and  a  carbuhydrate*.  Landwebr.  experimentiue  oo 
the  so-called  mucin  of  bile,  observed  that  when  boiled  with  diluM 
acids  it  did  not,  like  tbe  mucin  of  the  salivary  glands  or  the  mud; 
of  Helix  pouxatia,  yield  a  substance  which  exerts  a  reducing  actu 
and  he  advanced  the  hypothesis  that  in  all  probability  it  consisted 
a  mixture  of  globulins  with  bile  acids^  an  hypothesis  whicb 
however  been  aisproved. 

The  researches  of  Hammarsten*  and  nthere  h* 
made  »is  acquainted  with  a  class  of  albuminous  W 
widely  distributed  throughout  the  prott'plasmic  Mrm 
tures  of  animal  biddies  and  typically  represented  by 
casein,  bodies  which  have  been  associated  together  m 
a  family  of  the  albuminous  substances  under  the  name 
of  the  nucleo-albumins.  Just  as  it  is  characteristic  of  the  mucins  t>t 
split  up,  when  subjected  to  certain  hydrolytic  agencies,  into  a  piutei'l 
and  a  carbohydrate  m»)iety,  so  is  it  a  characteristic  of  a  Dudeo- 
albiimiii  to  split  up.  under  the  same  conditions,  into  a  proteid  ami 
into  a  phosphorus-containing  nuclein,  for  all  the  nucleo-albuininfi 
contain  phosphorus  as  an  essential  element  of  their  molecule. 

Working    under    the    direction    of    Hammarsten. 
PaijkuU*  has  separated  the  body  which  confers  u|»u 
bile  its  viscidity  and  has  conclusively  proved  tlwt  it 
the    nucleo-albuniins,  resembling  in  its  characters  the 
nucloo-aibiniiiu  which   Hammarsten  discovered   to  be  a 
constituent  of  the  synovial  fluid. 

The  methods  which  were  formerly  employed  lo 
pi-ecipitate,  what  was  tenned,  the  mucin  of  bile  are 
not  available  for  the  separation  of  the  body.  Anids 
precipitate  not  only  tlie  nncleo-albumin  but  also  bu6 
acids,  and  the  latter  cannot  be  separated  by  alco 
from  the  former  without  rendering  the  nucleo-albumin  insoluble. 
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^  H.  A.  Lftndwehr,  '  Unterauohunfiec  uber  djia  Mncin  Ton  Helix  ponuitiA  nnd  ^ 
[noues  Koblenhydrat  (AchrooKlycogeo)  in  der  Weinbergnohnecke,'  ZtiUchr.  f,  p^*' 
iC/icmiV,  Vol.  VI.  (1882),  pp.  74 — 77;  '  Ein  nene*  Kohlehydrat  (thieriscLee  Gammi*!  ^ 
menschlichen  Kv^kn)cr,'  ibid.  Vol.  riii.  (Iftai^).  pp.  122— I'iB.  . 

"  H.   A.    Laudwehr,   *  Ueber   Mucin,    Metalbamin   and   Poralbmnin,'  ZtilKh^'^' 
phtjf.  Chtmie,  VoL  vm.  {1883 — i).  pp.  114—121,  seo  p.  117.  ^ 

^  So  far  as  the  Author  Ima  boeu  able  to  discover  HaaunarFiieu  first  euggwted  ^ 
propriety  of  recognising  a  group  of  nucJco-albumint,  and  first  introduced  this  t^^^ 
in  the  following  aentcnce:  "  Zu  den  gewOhnliohen,  kiinstlich  darzustellendun  Ali^^ 
odur  Kalk^albuinioatcn  kann  daa  CaHein  keinoawegs  gerechuet  werden  :  und  wenn  i'  'i 
""  nicht  zu  einer  bosondcron  Grnppe  von  Stoffen,  den  Nncleoalbumintm  rechnen  ^^^^ 
wolil  daa  Uichtigste  »ein  wiinle — musF  wohl  das  Caaein  luit  dem  grnsistfn  lU*^^^ 
«inen  Platz  unter  den  nativcn  Albuiaiuatfu,  d.  h.  den  Globulincn,  ftnden."  ^^^ 
Hammaxaten, '  Zur  Kenntnisa  des  Caaeina  und  der  Wirkung  des  Labfermentea.'  Xjf»>^^^ 
1H77,  p.  75  ;  consult  p.  45.  ^^ 

*  0.  HanunarsteD,  ^Studlen  iiber  Mucin  and  macin-iiluiliclie  SubutanKeo,'  Pflfig"* 
Archiv,  Vol.  «xvi.  p.  373, 

^  L.  raijkull,  *  Ueber  die  Schleimaubatanz  der  Qalle,*  ZeiOnchrift  fUr  pkyt, 
Bd.  XII.  (l«87).  p.  190. 
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Two  methods  are  available  for  the  separation  of  the  nucleo- 
Jbuniiu  in  a  pure  and  unaltered  condition,  of  which  the  second  is 
he  best: — 

Firstly.  Bile  is  subjected  to  dialysis  in  running  water  for  many 
lays,  thymol  being  added  to  prevent  putrefaction;  in  this  way  the 
lile  acids  and  the  greater  part  of  the  bile  colouring  matters  are  got 
rid  of.  The  contents  of  the  dialyser,  which  possess  a  neutral  reaction, 
pale  yellow  colour,  and  are  opalescent  and  somewhat  viscid,  are 
jrecipitated  by  the  addition  of  a  few  drops  of  hydrochloric  acid. 
Xhe  precipitate  is  washed,  dissolved  in  the  smallest  available  quantity 
of  solution  of  sodium  hydrate  and  the  solution  is  purified  by  dialysis. 

Secondly,  Bile,  which  must  have  previously  been  filtered,  is 
mixed  with  five  times  its  volume  of  absolute  alcohol  and,  immediately 
thereafter,  is  centrifugalised.  In  10  minutes  the  precipitate,  which 
has  aggregated  into  a  coherent  mass,  is  taken  from  the  tubes,  freed 
from  adhering  liqnid  by  pressing  between  layers  of  filter  paper,  and 
is  then  broken  up  and  suspended  in  water.  It  gradually  dissolves, 
yielding  an  opalescent,  greenish-yellow,  slimy  liquid.  In  order  to 
purify  it  further,  it  is  once,  or  even  twice,  again  precipitated  as 
above,  centrifugalised,  and  dissolved  in  water,  tlje  ultimate  solution 
being  viscous ;  it  is,  however,  an  essential  condition  to  success 
that  the  substance  should  remain  in  contact  with  alcohol  for  as  short 
a  time  as  possible. 


Reactions  of 
a  solution  of 
tlie  nucleo- 
albumln. 


The  neutral  viscid  solution  does  not  coagulate  on 
boiling,  but  becomes  opaque.  If  a  trace  of  acetic  acid 
not  suflficient  to  produce  a  precipitate  be,  however, 
added  to  it  and  the  solution  be  then  heated,  an 
albumin  like  coagulum  is  obtained.  When  acetic  acid  is  added  to 
the  solution  of  nucko-albumiu  at  ordinary  temperatures,  it  produces 
a  precipitate  which  is  soluble,  though  with  some  difBculty,  in  an 
excess  of  the  precipitant.  In  the  presence  of  salts  of  the  bile  acids, 
the  precipitate  contains  considerable  quantities  of  the  latter  and  is 
not  soluble  in  excess  of  acetic  acid.  Thus  is  explained  the  fact  that 
the  precipitate  of  the  nucleo-albumin,  obtained  by  treating  bile  with 
acetic  acid,  is  insoluble  when  the  latter  is  added  in  excess,  whilst  it 
is  obvious  that  all  determinations  of  the  nucleo-albumin  made  in  this 
manner  cannot  be  relied  upon. 

A  solution  of  the  nucleo-albumin  in  acetic  acid  is  precipitated 
by  potassium  ferrocyauide,  iodohydrargyrate  of  potassium,  mercuric 
chloride,  and  tannic  acid.  Aqueous  solutions  are  precipitated  when 
treated  with  a  very  small  quantity  of  hydrochloric  acid,  the  Hocculent 
precipitate,  thus  jjroduceil,  being  readily  soluble  in  excess  of  hydro- 
cblonc  acid.  The  aqueous  solution  is  precipitated  by  all  the  general 
reagents  which  precipitate  the  albuminous  substances. 

The  following  reactions  are  of  special  importance,  as  distinguishing 
the  mucoid  nucleo-albumin  from  the  other  groups  of  albuminous 
substances,  on  the  one  hand,  and  from  the  mucins,  on  the  other: 
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let.  The  solution  in  0-3  pj  HCI  may  be  long  heated  to  ^CC. 
without  giving  a  precipitate.  If  however  pepsin  be  added  to  th^ 
dcid  solution,  heated  to  40*  C,  a  flocculent  precipitate  soon 
separates.  This  behaviour,  towards  hydrochloric  acid  and  hydro* 
chloric  acid  and  pepsin,  is  characteristic  of  the  nucleo-albumins  as  i 
class.  2nd.  The  uucleo-albunun  when  boiled  for  hours  with  dilute 
mineral  acids  yields  no  8ul>stance  possessing  the  power  of  reducing 
Fehiing's  solution.  This  behaviour  distinguidlies  the  nucleo-albumins 
from  the  mucins.  3rd.  When  the  purified  and  dried  nucleo-albumic 
is  fused  with  a  mixture  of  potnssium  hydrate  and  saltpetre,  the 
fuHed  mass  is  found  to  contain  phosphoric  acid,  and  in  such  pro- 
portion as  to  prove  that  phosphorus  must  have  been  present  in  an 
oxidised  form ;  for  the  quantity  of  phosphoric  acid  is  greater  than 
could  exist  in  combination  with  bases,  oven  assuming  the  entire  ash 
obtained  on  igniting  the  uucleo-albumin  to  consist  of  calcium 
phosphate. 

It  has  been  stated  that  the  mucoid  nucleo-albumin  of  the  bile  is 
derived  from  the  mucous  membrane  of  the  gall  bladder  and  biliary 
poiisages,  an  assertion  which  is  proved  b}'  the  fact  that  by  treatiug 
the  aqueous  extract  of  the  mucous  membrane  with  an  excess  o^ 
acetic  acid,  a  substance  is  precipitated  having  the  same  characters 
and  the  same  elementary  composition  as  the  nucleo-albumio 
obtained  from  the  bile,  by  the  previously  described  methods 

ReaiiitB  of  The  following  are  the  results  of  the  analyses  of  two 

^^u^SjT^        specimens  (No.  1  and  No.  2)  of  the  nucleo-albumin 
prepared  from  the  bile,  and  of  one  specimen  (Na  3) 
prepared  from  the  mucous  membrane  of  the  gall  bladder. 

No.  1.  No.  2.  No.  3.  Mean. 

^^          Carbon               —  50-87  50'91  5089 

^H         Hydrogen           —  674  6*73           6735 

^"         Nitrogen          1610  1609  16*22  1614 

■              Sulphur             1-58  174  1*64           166 

I              Ash                   0'40  073  1-36 

As   the   substance   contained   phosphorus   in  combination  ^ 
calcium  and  iron,  in  addition  to  pLospborus  in  organic  combinati-^^' 
the  amount  of  the  latter  could  not  be  determined. 

It  is  interesting  to  observe  that  the  percentage  of  nitrogen  in  "^^ 
nucleo-albumin  (1614  pg)  is  much  higher  than  in  themucms,  wh^-^ 
according  to  the  latest  analyses,  contam  only  from  117  to  12*3  pg. 

In  addition  to  the  mucoid  nucleo-albumin,  bile  is  said  to  con 
traces  of  norma!  mucin. 
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5bct.  12.    The  Cuolesterin,  Fats,  Soaps,  Lectthix  anti  rematn- 
iNO  Organic  Constituents  of  the  Normal  Bile. 

In  addition  to  its  specific  constituents — the  salts  of  the  bile  eicids 
frnd  the  bile  colouritig  matters — and  to  the  mucoid  nucleo-albumin, 
the  bile  contains  in  solution  the  following  organic  substances : — 
cholesterin;  palmitin,  stearin  and  olein :  alkaline  salts  {ie,  soaps)  of 
palmitic,  stearic  and  oleic  acids:  lecithin  or  its  products  of  decom- 
positioQ:  a  trace  of  urea:  a  trace  of  a  diastatic  ferment.  All  these 
bodies  are  described  in  other  parts  of  this  work,  and  the  amounts  in 
which  they  occur  in  the  bile,  so  far  as  they  can  be  determined,  will 
be  found  in  the  tables  exhibiting  the  results  of  the  analyses  of 
the  bile  in  Sect.  15  of  the  present  chapter.  It  is  only,  therefore, 
needful  in  this  place  to  make  a  few  remarks,  chiefly  with  a  view  to 
emphasizing  the  relative  importance  of  certain  of  these  constituents. 

The  cioiee-  ^.n   absolutely  constant   constituent  is  cholesterin, 

teria  ofbUe.  ^jji^h  13  present  in  the  bile  of  man  in  the  proportion 
of  from  0*5 — 3o  per  1()00.  This  constituent,  which  is  insoluble 
in  water  or  aqueous  saline  solutions,  is  soluble  in  solutions  of  the 
salts  of  the  bile  acids  and  of  soaps  and  neutral  fats,  and  it  is  in 
▼irtue  of  these  constituents  that  the  bile  is  able  to  hold  cho- 
lesterin in  solution.  When  wo  inquire  whether  the  cholesterin 
of  the  normal  bile  is  formed  in  the  liver  or  merely  separated  by 
it  we  come  to  the  conclusion  that,  almost  certainly,  the  livcr^  in 
reference  to  cholesterin,  acts  purely  as  an  excretory  organ,  Cho- 
lesterin is  one  of  the  principal  constituents  of  the  white  matter 
of  the  brain,  of  the  spinal  cord,  and  of  medullated  nerve  fibres. 
And  it  is  a  constituent  of  the  blooii  corpuscles ;  it  appears  most 
likely  that  the  function  of  the  liver,  in  reference  to  it,  is  to  separate 
from  the  blood  the  excess  of  cholesterin  which  is  set  free  in  the 
tnetabolic  changes  which  have  their  seat  in  the  nerve  centres. 

This  view  rests  upon  theoretical  considerations  as  well  as  upon  certain 
ts,  a  thorough  control  of  whicli  is,  however,  urgently  needed  at  the 
resent  time.  It  was  for  example  asserted  by  Austin  Flint,  as  a  result 
f  apparently  careful  investigations,  thiit  the  blooil  of  the  jugular  vein 
variably  contains  much  more  cholesterin  than  that  of  the  carotid  artery. 
though  Flint  based  upon  his  researches  a  hypothesis  which  has  not 
the  test  of  further  experiment,  the  facts  above  recorded  have  not 
itberto  been  disproved.  Again  Frerichs  and  Becquerel  and  Rodier  assert 
Ihat  in  cases  of  jaundice,  with  complete  obstruction  to  the  flow  of  bile 
into  the  intestine,  the  amount  of  cholesterin  in  the  blood  is  remark- 
Ably  increased.  It  must  be  admitted  that  it  is  in  the  highest  degree 
ikdvisable  that  these  particular  determinations  should  be  repeated,  the 
accurate  methods  of  analysiH  which  we  now  employ  being  sul^tituted  for 
the  cruder  methods  of  the  earlier  enquirers. 

Thfi  description  of  Cholesterin  will  be  found  In  Vol  i.  (Ist  edition),  pp.  443 — 444. 
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Naunyn  mainly  on  the  ground  of  experiments  on  rabbite  vith  tem- 
porary, and  dogs  with  permanent  biliary  fistnlfe,  in  which  cholesteriu  vv 
administered  by  the  mouth  or  injected  hypodeiinically,  without  seuablf 
increaaing  the  amount   of   cbolesterln   excreted,   comes   (as   the  Author 
tbinkii)    to   the   most    improbable    conclusion    that    the    normal    choles- 
terin  of  the  bile  is  not  derived  from  the  blood  but  is  of   local  origin, 
».f.    is   derived   from    the   mucous   membrane  of  the   gall-bladder.    Tk« 
cnidenesSj  the  obvious  fallacies,  attaching  to  the  method  of  experimenting 
selected  by  Naunyu,  are  so  obvious  as  to  render  any  conclusions  from  bis 
experiments  much  less  trustworthy  than  those  based  on  the  observations 
of  Frerichs.     This  distingiuBhed  physician  cautiously  asserted  that  whilst 
it  is  not  certain,  but  only  probable,  that  an  increased  quantity  of  cbolesteiin 
in  the  blood  augments  Uie  amount  of   this  constituent  in  the  bile,  the 
arrest  of  the  excretion  of  the  bile  certainly  leads  to  an  increase  of  cholesterin 
in  the  blood  \ 

There  can  be  no  question  that  cholesterin,  besides  being  a  confititufint 
of  the  nervous  tissues,  the  blood  and  the  bile,  exists  in  minute  quantities 
in  all  animal  and  vegetable  tissues  rich  in  cells.     It  is  present  in  sm*!! 
quantities  in  milk,   but  particularly    it   is   pi*oduced   in   all   pathologic*! 
processes  in  which  a  desti-uction  of  colls  occurs.     It  seems  to  be  a  product 
of  the  degeneration  of  cell  protoplaani,  especially  where  this  is  accomjAniKl 
by  the  appearance  of  fatty  matters;  thus  is  explainwl  its  occurrence  in 
pus.      If  we  except  milk,  which  is  a  secretion  which  is  a  product  of  specitic 
transformations  which  occur  in  the  protoplasm  of  the  secretory  cells  of  the 
mammary  glands,  and  which  lead  to  the  formation  of  fat,  no  normal  secre- 
tion but  bilu  contains  an  appreciaLile  qimntity  of  cholesterin,  nnd  a  process 
of  reasoning  by  analogy  would  lead  us  to  require  evidence,  such  ss  hft^ 
certainly  not  hitherto  been  adduced,  before  we  could  admit  even  the  poe»i- 
bility  of  the  cluileaterin  of  normal  bile  being  derived  from  the  mucoa^ 
membrane  of  the  gall-bladder. 

The  proportioi]  of  lecithin,  or  of  the  products  of  d^— J 
compositiou  of  pratagau  and  lecithin  in  the  bile,  is  mucfc' 
greater  than  in  any  other  secretion  of  the  economy — a  fact  whict»» 
taken  in  connection  with  its  cholesterin  excreting  function,  makes  i* 
not  iraproLable  that  the  liver  is  specially  concerned  in  excretic>£ 
certain  metabolic  products  of  the  nerve  centres. 

Diastatic  In  reference  to  the  diastatic  ferment,  it  is  to  be  r^^ 

ftrment.  marked  that  nearly  all  observations  made  on  the  bil^ 

of  man,   obtained   fr«jm   fistula^,  have  revealed    that    the   secretio**  * 
possesses  exceedingly  feeble  diastatic  propertiea      No  iiujwrtanc^  \ 
whatever  can,  however,  be  attached  to  the  presence  of  such  minute 
traces  of  ferment. 

^  'Ob  die  ZuDfthme  der  CholesteriiimeDee  im  Blute  wahrend  dea  hofaeren  Alttn 
einen  eteigenden  Qehalt  dcr  Golle  herbeifiihre  and  dar&nf  zum  Tbeil  die  grduere 
Haufi^kcit  der  Steiiie  wahreud  dteser  Lebenaepuche  l>erulie,  bluibt  dahiiigestoUt ;  es  ist 
dies  mehr  als  wahrBcheinlich ;  jedenfalU  inQuirt  die  Galleuaeoretiun  auf  die  Cboles- 
teririuieuge  im  BIul ;  oiu  iiimmt  zn,  wo  die  LeborBcorction  vermindert  vird.*  Frerichs, 
Klinik  d.  LehrrkrnnkhfiUn,  Bd.  Ii.  p.  4ti6. 
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Sect.  13.    The  Mineral  Constituents  of  Normal  Bile. 

la  discussing,  in  the  first  volume  of  this  work*,  the  mineral 
constituents  of  the  liquor  sanguinis  and  serum,  we  have  drawn 
atteDtion  to  the  difficulties  which  surround  their  investigation  and 
have  shewn  how,  in  a  measure,  they  have  been  overcoma  In  the 
case  of  the  bile,  these  difficulties  are  so  g^at  (arising  from  the 
julpliur  of  the  taurine  and  the  phosphorus  of  the  lecithin,  which 
when  ignited  yield  sulphuric  and  phosphoric  acids,  respectively)  that 
the  utmost  reiierve  must  be  exercised  in  drawing  conclusions.,  from 
the  analyses  of  the  ashes  of  the  bile,  as  to  the  salts  originally  present 
in  the  secretion, 

lu  addition  to  the  organic  sodium  salts,  the  bile  contains  as  its 
chief  inorganic  constituent  sodium  chloride,  besides  sodium  carbonate 
&nd  sodium  phosphate.  The  quantity  of  potassium  salts  is,  compara- 
fively,  very  small.  The  ashes  of  bile  contain,  in  addition,  calcium 
phosphate,  a  trace  of  magnesium  phosphate,  a  small  but  invariable 
ijuantity  of  iron,  believed  to  exist  as  a  phosphate  (Hoppe-Scyler),  and 
traces  of  copper;  occasionally  manganese  has  been  likewise  found. 
•Although  the  published  analyses  of  bile  sometimes  contain  determina- 
^ons  of  sulphates  present  in  the  ignited  residue,  it  is  probable  that 

these  salts  are  always  the  result  of  ignition ;  at  most,  the  quantity  of 

sulphates  in  the  bile  is  exceedingly  small. 

The  normal  mineral  constitueuLa  other  than  iron  are  best  exhibited 

^  the  following  analysis  of  the  mineral  matters  of  the  bile  of  a 

Malthy  man  made  by  Jacobsen*. 

Inorganic  salts  in  1000  parts,  8*5 

KCl  0-28 

NaCl  5-50 

Na.PO,  1-30 

Na,CO,   0-95 

Ca^PO.),  0*37 

FePO*  traces. 

Tlie  Iron  of  the  Bile. 

When  investigating  for  a  Committee  of  the  British  Association 
the  action  of  calomel  and  some  other  reputed  cholagogues  on  the 
liver',  Professor  Rutherford  and  the  Author  were  constantly  struck 
by  the  reddish  colour  of  the  ashes  of  dog's  bile,  a  colour  due  to 
the  presence  of  oxide  of  iron, 

>  Vol.  I.  (Irt  editioD),  p.  6&— 70. 

*  O.  Jacobsen,  lifr.  d.  deuUch.  chem.  QatlL  Vol.  vi.  p.  1026. 

*  'Beport  OD  the  AoUoa  of  Mercury  on  the  Biliary  Secretion.'    Brituh  Auoeiation 
JUpcrU,  1868. 
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oamge*  and  At  the  suggeetioD  and  under  the  personal 

^^''^^^'    of  the  Author,  Dr  P.  A.  Young^  subsequently  carrwl 

out  in  the  laboratory  of  the  former,  at  Surgeons'  Hall. 

Edinburgh,  the  first  systematic  investigation  on  the  amount  of  iron 

in  the  bile  of  man,  the  dog  and  the  ox. 

Hoppe-seyier         Subsequently,  Hoppe-Seyler*and  afterwards  K\ 
^^auoM?"    re-investigated  the  matter  and   amply  confirmt'd  thr 
results  obtained  in  the  Author's  laborator}*.    The  fol- 
lowing are  the  results  obtained. 


Quantity  of  Iron  in  Uie  Bile. 


I.     Bile  of  Man 

0004  to  00105  p.  cent,  of  Pe 
00062 

Young        H 
Hopp&-8eyI«^ 

1 

II.     Bile  of  Dog 

0016                   p.  cent,  of  Fe 

000(53  to  0-0078 

0-0036  to  00093         „         „ 

Young            1 
Hopp<>-8eyi(!r 
KunJcel       ^ 

III.     Bile  of  Ox          0-003  to  0-006 

1 

Yonag        ■ 

The  idea  which  suggested  to  the  Author  the  research,  which  wu 
carried  out  by  Yoiiug,  was  that  from  the  iron  in  the  bile  an  estimate 
might  be  probably  formed  of  the  destruction  of  haemoglobin  occurrinfi 
in  the  liver ;  there  being  strong  grounds  for  assuming  that  bilinibb 
is  formed  by  the  decomposition  of  the  hsematin  residue  of  bi 
globiu  (see  p.  34'9  et  seq.).  Kunkel  found,  however,  that  the  reli 
of  the  iron  to  the  bilirubin  in  the  bile  was  as  1-4  or  1*5  ■  II 
whereas  haimatin  contains  9  per  cent,  of  Fe.  It  would  thei 
appear  that,  in  the  formation  of  bilirubin,  there  is  a  retention 
iron  in  the  liver,  a  fact  which  stands  in  close  relation  to  the  orgamc 
compounds  of  iron  which  Zaleski*  shewed  to  be  present  in  the  liver. 
This  subject  will  be  further  considered  in  Chapter  V. 

^  P.  A.  Toung,  M.D.,  'On  the  relation  which  exiBts  betveen  the  iron  contained  i^ 
the  bile  and  the  colouring  matter  of  the  blood.*  Journal  of  Aitaiomtj  and  Phyneiiff. 
Vol.  V.  pp.  158—164;  A.  Gamgee.  M.D..  'Note  on  Dr  Young's  paper.'  Ibid.  Vol  t 
p.  165. 

*  Hoppo-Seylor,  Analyeea  first  published  in  hie  Phytioloffische  ChemU,  2^  TiM, 
Berlin.  1H78,  pp.  301  and  305. 

^  Kunkel.  'Eisen-  und  FarbBtofiTausBoheidung  in  der  Galle.'  Pflfigei^  irelH, 
Vol.  XIV.  (1877).  p.  300. 

*  Zaleaki,  '  Stadicn  Qbcr  die  Leber.  LEtsengchalt  dcrLeber.'  ZeiUckrift  L  fMmui 
Chemit,  Vol  x.  (IBttC),  p.  453-502. 
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w^r                    Sect.  14.    The  Gases  op  the  Bile. 

1             The    gases    of   the   bile  have   been   investigated    by   PflUgerS 
L        Bogoljubow',  Nool",  Charles*  and,  in  so  far  as  oxygen  is  concerned, 
P        by  Hoppe-Seyler*. 

t            The  bile  is  a  secretion  which  is  either  entirely  free  from  oxygen 

■1      or  contains  it  in  very  small  proportions.     As  will  be  seen  by  referring 

1      to  the   subjoined   tabular   statement    of   the   results    obtained    by 

I      Pfluger,  he  found  in  one  analysis  that  100  volumes  of  bile  yielded 

H  0*2  volumes  of  oxygen  (measured  at  0'  C,  and  1  fil  pressure),  whilst, 

^B   in  a  second,  oxygen  was  absent.     Hoppe-Seyler  investigated  in  the 

jH    case  of  the  bile,  as  in  that  of  several  other  secretions,  whether  the 

^B    liquid  contained   free  oxygen,   by  allowing   it   to  come   in  contact 

wM    (tinder  conditions  which  excluded  the  possibility  of  access  of  air) 

M    mth  reduced  haemoglobin.     He  found  that,  unlike  the  saliva,  the 

1     bile  contained  no  free  oxygen  or,  to  be  more  precise,  that  100  volumes 

1     of  bile  must  contain  less  than  Oln  volume  of  oxygen*. 

K         Excluding  oxygen,  which   is   either  absent  or  present  in  very 

■   small  (juantities,  the  bile,  when  boiled  in  the  mercurial  pump,  yields 

H    carbonic  acid  mixed  with  a  small  quantity  of  nitrogen.     In  addition 

j^L   to  the  carbonic  acid,  which  is  either  free  or  so  loosely  combined  as 

W      VOLUME  OF  OASES  (MEASURED  AT  0*0.  AND  1  M.  PRESSURE)  VLKLDED 
1             BY    100  VOLUMES    OF    BILE    FROM    THE    GALL-BLADDER   OF   DOGS 
1             fPPLUGER). 

0 

CO- 

(obtained  by  boil- 
ing in  vacuo) 

CO, 

(do.  do.  +  acid) 

N 

L 

0-2 
O'O 

U-4 
50 

41-7 
0*6 

0-4 
0-6 

»  Pflfleer,  Arehivf.  d.  /;«,  Phtjnohgit,  VoL  li.  (1869).  p.  Ii56. 

»  Bogoljubow,  Centralhlatt  f.  d.  med.  IVhtentchutt,  1869,  no.  42. 

>  G.  Noel,  '  £:tade  gfin^rale  Bur  les  vanationB  phya.  dea  gaz  da  sang.*     Thfiae  de 
lVri»,  1876.     Quoted  by  Hoppe-Seyler,  Phy*.  Chfmir,  p.  ^.     The  researches  of  Noel 
»n»j  b«  discarded  as,  from  the  amonnt  of  oxygen  and  especially  of  nitrogen  which  hfi 
found,  it  is  certain  that  the  Rases  which  he  obtained  from  the  hilo  were  mixed  with 
large  qoantities  of  air  which  liad  leaked  into  his  apparatus. 

*  J.  J.  Charlea,  •  Untersuchangen  iiber  die  Gaso  der  Lcbergolle*  (a.  d.  phys.  Lab 
Bonn).     PflOger's  Arehiv,  Vol.  ixvi.  (1861),  p.  200  et  leq. 

*  Uoppe-Seyler,  '  Ueber  den  Naohweis  von  absorbirtom  Sauerstofife  in  den  Secreten 
mittolat  Hamoglobin.'     ZeiUclirijt  f.  pht/»,  Chetnie,  Vol.  i.  (1877—78),  p.  136. 

*  Hoppe-Beyler.  Phy»iologi$che  CitemU,  p.  307. 
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to  admit  of  being  boiled  out,  the  bile  contains  carbonic  acid  which 
can  only  be  removed  by  the  pump,  after  the  addition  of  an  acid. 
The  total  amount  of  carbonic  acid  as  well  as  the  relative  amouitte, 
free  and  combined,  vary  within  surprisingly  wide  limits. 

The  analyses  of  Bogoljubow  agree  with  those  of  Pfiiiger  in 
demonstrating  the  remarkable  and  as  yet  inexplicable  variations  in 
the  amount  of  CO,  contained  in  bile  as  well  as  in  the  proportion 
which  the  free  bears  to  the  combined  CO^. 

Charles,  in  the  investigation  which  he  made  in  Pfluger's  labonUorr, 
investigated  the  gases  of  the  bile  in  rabbits,  as  well  as  in  dogs.  Li 
the  former  animals,  he  found  the  volume  of  CO.,  especially  of  the 
CO,  which  could  only  be  separated  after  the  addition  of  phosphoiic 
acid,  to  be  very  much  larger  than  in  doge.  From  100  volumes  of 
the  bile  of  these  animals,  he  obtained  from  102'37  to  114*9  volumw 
of  CO3  measured  at  0^  C.  and  1  metre  pressure.  In  one  ex* 
periment,  the  COa  obtained  by  merely  boiling  in  vacuo,  only 
amounted  to  9'75  volumes,  whilst  the  combined  CO,  amount^]  to 
105'IH  volumes.  In  the  case  of  a  dog  in  a  condition  of  deep  narctsii 
100  volumes  of  bile  yielded  lOO'lo  vols,  of  CO,  (free  and  combinetl). 


Sect.  15.    Summary  of  the  Quantitative  Composition  of  thi 
Bile  in  Man  anb  certain  of  the  Lower  Animals. 

Having  now  examined  individually  the  various  constituentf  d 
the  bile,  it  appears  desirable  to  group  together  the  more  importtnt 
quantitative  analyses  which  have  been  made  of  the  bile  of  man  and 
some  of  the  lower  animal& 


Human  Bile, 


Total  solldja 
In  tlie  bUe  of 
bUl&ry  fUttilB 
and  of  bUe  col- 
lected In  tHe 
g&U-bladder. 


The  following  table  exhibits  very  clearly  the  diffta^ 
ence  in  the  proportion  of  solid  matters  in  bile  ob- 
tained from  biliary  fistulas  in  the  human  subject 
and  in  bile  obtained  from  the  gall-bladder  after  deaitL 
The  sani£  difference  is  observable  in  the  case  of  the 
lower  animals.  The  old  explanation  that  by  remainin| 
in  the  gall-bladder  the  bile  loses  water  and  becomes  more  conceo- 
tratcd  is  untenable  and  quite  at  variance  with  facts  ;  the  probtbk 
explanation  is  that  when  the  seci-etion  is  cut  off  from  the  lutestioe 
and  poured  out  externally,  the  liver  secretes  a  bile  which  is  res- 
tively poor  in  solid  matters  (see  p.  278  et  seq.). 
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i    EXHtBITING     DIPFEBENCE     IN     PERCENTAGE     OP     SOLIDS 
P      FI8TDLA-BILE   AS  COMPABED  WITH   BLADPEB-BILE. 


ObMrren 


td  Herroun 


and  Winston 


%  Robson  and  Fairley 

i 

Paton    and  J.  M. 
Ifour 


p. 

p-Besanez 


MeaD  perceaiage 
of  solids 


2-26 
1-35 

1-42 

1-81 
1-36 


13-961 

14'04/ 


Origin  of  bile 


Weatphalen's  case  of  thoracic 
biliary  fistula.     Male 

Biliary  fistula.  Common  bile 
duct  occluded  by  cancerous 
nodule.      Female 

Biliary  fistula.  Common  bile 
duct  occluded  by  gall- 
stone.    Female 

Biliary  fistula.  Impacted 
gall-stones.     Female 

BiUary  fistula.  Common  bile 
duct  occluded  by  gall-stone. 
Female 


Bile  from  gall-bladder  of 
healthy  individuals,  exe- 
cuted, or  dying  by  accident 


Iste  I'l  tl^c  following  tabic,  taken  from  the  paper  of 

k  of  Noel  Paton  and  Balfour",  are  collected  all  the  more 
ttein  recent  analyses  of  fiatiila  bile  in  the  human  subject 
r*  In  Mr  Mayo  Robson*s  case,  the  analyses  were  made 
by  Mr  Fairley  of  Leeds. 


Ibe  e&Mi  onder  I.  are  referred  to  in  the  text,  vfa«ra  refereaoes  to  the  original 

k>DB  will  be  fonnd. 

B  data  under  II.  are  taken  from  Oorup-Besanoz,  Phy$iologitcht  Ckemie* 
Ige.  1878.  p.  510. 

Mo€l  Paton.  M.D.»  F.B.C.P.  Ed.,  and  John  M.  Balfour,  M.B.,  CM.  '  Oa  the 
Kion,  Flow,  and  PhysioloKical  Action  of  the  Bile  in  Man.'  Vol.  ni.  of  the 
»ry  Report*  issued  by  the  Bojal  College  of  Fbysicians,    Edinburgh,  1891.    See 
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[BOOS 


Cholesterin 

Lecithin 
Fftts 

Glycocholate  of  Soda 
Taurocbolate  of  Soda 
Soaps 

MuciD,  Pigtuente,  Epi- 
thelium, «S^. 
Inorgaoic 
Chlorides 
Solids 
Water 


Jaeobflen 


0-058 

O'OOo 

0-01 

101 

O'U 

0-23 
0-85 
0-578 
2-26 
97-74 


Ydomnd 
HexTonn 


Ckjpeman 

and 
Winston 


0'038 

0-165 
0-055 


0-148 
0-840 
0-716 
1*284 
98-716 


t» 


0-099 
G28 


0-1725 
0-461 

1-423 
98-577 


Majo 

Bobaon 


0-045 

0-012 
0-751 
0-009 

0-097 

0-130 
0-768 
0-501 
1-802 
98-198 


Pttoa  ud  Bitfca 


s^.  1     Hm" 


0053 

0-009 
0-356* 
0-049* 
0-01 5» 

0-7096 

1-1919 

98*8080 


*  The  acida  an  here  given. 

In  these  analyses  the  fact  is  brought  out  very  distinctly  that,  in 
the  bile  of  man,  glycocholic  acid  preponderates  very  greatly  otm 
taurocholic  acid,  which  may  even  be  altogether  absent  (see  Jaeobse&'fi 
analysis).  The  same  fact  results  from  the  analyses  made,  by  the  moet 
competent  observers,  in  the  case  of  bladder  bile. 

ComplfitB  . 

aaaiyseB  of  1'he  following  exhibit  the  method  of  analyses  of 

bladder-wi6  la  5  samples  of  human  bile  (taken  post  inortevi  from  tht 

the  homaii  gall-bladder)  made  by  Hoppe-Seyler  in  1872*. 

Mucin  in  100  parts  120 

Other  organic  matters  insoluble  in  alcohol 0*14 

Sodium  taurocbolate * 0'87 

Sodium  glykocholate  303 

Soaps  1-39 

Cholesterin 0'3o 

Lecithin 053 

Fats 0  73 

Phosphate  of  iron  0-0166 

Ratio  of  sodium  glykocholate  to  sodium  taurocbolate  is  as  3'4 : 1. 

Bile  of  the  Dog. 

The  following  analyses  made  by  Hoppe-Seyler'  illustrate  tb? 
composition  of  the  bile  of  the  dog.  In  this  animal  the  bile  nSMf 
contains  glykocholic  acid. 

>  Pabliahed  for  the  Eret  time  hi  his  Physiologische  Chtmit^  3**  TheU,  Btiiio.  187' 
p.  301. 

'  Phytiologiache  Chem4y  p.  303. 
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^ 

W       Constituents 

BUdder-bile 

Bile  from  fistula 

1 

I. 

IL 

I. 

IL 

ficin  in  100  parts 

0-454 

0*245 

0*053 

0*170 

[k&line  tjiurocholate 

11959 

12-602 

3-460 

3-402 

iol««terui 

0-449 

0133 

0-074 

0049 

»citbin 

2-692 

0-930 

0-118 

0-121 

It 

2-841 

0  083 

0-335 

0*239 

laps 

3155 

0-104 

0*127 

0-110 

ther  organic  matters  in- 

soluble iu  alcohol 

0-973 

0*274 

0*442 

0-643 

^organic  matters  insoluble 

in  alcohol 

0-199 



0-408 



.so, 

0-004 

- — 

00*22 

— 

».so, 

0-050 

.^ 

00-46 

— 

iCl 

0015 

-=— 

0*185 

__ 

^co. 

0-005             — 

0*056 

— 

^•^ 

0080 

— 

0-039 

— . 

0-037 

^^ 

0-021 

^~ 

£J0, 

0-019 



0030 



' 

0-009 

— 

0-009 

— 

Bile  of  certain  other  animals.                                  ^^| 

he  followinff  table^  exhibits  the  results  of  old  analyses  of  the           ■ 

»f  the  gall-bladder  of  various  animab;. 

Coastitnenta 

Ox» 

Pig' 

Kangaroo* 

Goose 

Python' 

I* 

n- 

on  and  pigment 

0-30 

0'59 

4-34 

2*56 

3-1 

0-89 

!««alta 

^ 

8-38 

7-59 

14-96 

16-4 

8-46 

kolesterin,    lecithin, 

[  8*00 

' 

and  fat 

J 

2*23 

1-09 

0-36 

0-3 

003 

Lorganic  salta 

1-26 

. 

2-10 

3-6 

0-20 

>tal  soUds                          d-m 

U-20 

4413 

19-98 

22-4 

9-58 

W                               90-44 

88*80 

85-87 

80-02 

77-6 

90-42 

■    '  Halliburton's  Text-Rook  of  Chemical  Phynoloffy,  London,  1891,  p.  678. 

M 

■     ■  BerzeliuB,  Lehrbuch,  Bresdcu,  1831.                                                                            ^^H 

>  Oonrllach  un<l  Strecker,  Ann.  Chem,  Pharm.  Lxn.  205.                                             ^^H 

<  Schloasber^^er,  Ibid.  ex.  244.                                                                                         ^^H 

m    ■  Marssoa.  Ann.  d.  Phorm.  lviii.  138.                                                                            ^^H 

1    "  Otto.  Awl  Chem.  Pharm.  cux.  189.                                                                            ^^H 
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THE   BILE   (continued). 

Sect.  1.    Recapitulation  of  the  Facts  relating  to  t 
Origin  of  the  Specific  Constituents  of  the  Bilk. 

Ik  the  preceding  chapter,  the  subject  of  this  section  has 
more  than  once  referred  to.  It  appears  advisable,  however,  in 
place,  briefly,  but  systematically,  to  refer  to  the  different  facts 
throw  light  on  the  probable  antecedents  of  the  specific  constiU 
of  the  bile. 


The  origin  of 
the  bUe  acida. 


The  glycocine  and  taurine  of  the  conjugated 
acids  are,  without  doubt,  derived  from  the  albumi 
or  albuminoid  principles  of  the  economy.  Glycocine  we  have  sei 
be  oue  of  the  products  of  the  decomposition  of  gelatine,  when 
body  is  subjected  to  loog  boiling  with  acids,  or  to  the  digestive 
of  trypsin.  Taurine,  although  it  has  not  been  artificially  obt 
by  the  decomposition  of  proteids  is,  its  its  high  percentage  (14 
of  aulphur  iudicates,  certainly  derived  from  them  in  the  body, 
taurine  and  the  glycocine  of  the  bile,  however,  only  contain  a 
fraction  of  the  sulphur  and  of  the  nitrogen  corresponding  U 
decomposition  of  the  proteids  in  the  ect'jnomy.  *'If  the  bile  wei 
excretion  like  urine,  we  should  expect  to  find  the  quantity  of  niti 
and  sulphur  iu  the  bile  varying  proportionally  with  the  amou 
proteid  decomposed  in  the  body.  As  a  matter  of  fact,  this  is  no 
case.  We  know  from  the  researches  of  Kunkel'  and  Spiro\  cond 
on  dogs  with  biliary  fistulne,  that  only  a  small  part  of  the  sulphu 
nitrogen  resulting  from  proteid  metabolism  appears  in  the  bil 
that  it  is  but  very  slightly  increased  by  a  larger  supply  of 
When  the  amount  of  albumin  allowed  the  dog  was  multiplied 
fold,  the  nitrogen  and  sulphur  of  the  bile  were  only  doubled*." 

1  Kunkel,  'Untersuchuogen  iiber  den  Stoffweohael  in  dar  Leber.'    PBttger't 
Vol.  XIV.  (1876),  p.  344. 

'  Spiro,  *  Deber  die  GaUenbUdung  beim  Hunde.'    Dn  Bois  Beymond'i  Archip^ 
Suppl.  p.  50. 

3  Bunge,  Phy$iological  and  Pathological  ChemUtry*  Woolridge'e  Truulation, 
p.  214. 
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Tha  oruin  of  As  soon  as  the  remarkable  resemblance,  if  not  the 

t^ebue  colour-    absolute  identity,  of  Virchow's  ho?matoidin  with  bili- 
rubin  was  pointed  out,  the  clue  to  the  origin  of  the 
l>ile  colouring  matters  was  discovered. 

"In  extravasHtions  of  blood,  the  oolouring  matter  of  the  blood  disappears 
And  in  place  of  it  we  find  a  crystallised  pigment,  which  Virchow'  was  the 
first  to  examine  carefully  and  named  hasmatoidin.  The  same  writer 
t>ointed  out  its  resemMance  to  bile  pigment'.  Snbseqtiently  Robin",  Jaflfe* 
ajid  Salkowaki*  proved  th©  identity  of  hiematoidin  and  bilivcrdin. 
XAUghana*  took  the  blood  from  the  vein  of  a  living  pigeon  and  injected  it 
vinder  the  skin  of  th«*  same  animal  ;  after  two  or  three  days  the  colouring 
matter  of  the  blood  tiiul  tlifiapjwarfd  fmiu  the  subcutaneous  clot  and  was 
l^placed  by  bilirubin  and  biliverdiii.  Quincke'  perforined  the  saniu  experi- 
fnent  on  dogs.  In  this  case  ilie  conversion  occupied  more  time :  the 
mirubin  did  not  appear  in  the  Bubcutaneoua  iujectiou  before  the  ninth 
day.  Cordua^  injected  blood  into  the  abdominal  cavity  of  dogs  and  found 
bilirubin  after  so  short  a  time  as  thirty-six  houi-s.  Finally  Recklinghausen* 
has  seen  bile  pigment  formed  iu  the  blood  of  frogs  outside  the  body,  after 
from  three  to  ten  days"*."  The  obsei-rations  here  recorded  have  been 
confirmed  and  extended  by  the  experiments  of  Latschenberger"  who 
injecting  the  blood  corpuBcles  of  the  horse,  or  a  magma  of  hiemoglobin 
prepared  from  horse's  blooil  into  the  ijubcutaneous  areolar  tissue  of  another 
horse  found,  after  some  day.n,  reddi.sh  yellow  pigments  (Chofrylohiti^)  at 
the  seat  of  injection,  and  tn  adilitiou  dark  pigmentary  matter  containing 
iron  { 1 )  which  he  designated  '  Melanin  ' ;  Neumann  '^  had  previously  fouud  a 
siniilar  pigment  in  blood  extravasations  and  thrombi  in  man  aod  bad 
designated  it  htnmoaiderin.  According  to  KunkeP',  the  latter  consists  of 
ferric  hydrate. 

A  study  of  the  empirical  formulfle  of  hesmatin  and  of  bilirubin 

iitiou   au   iron 
the   following 


shewed'*  how  closely    bilirubin    rest^mbled   in    composition   au   iron 
free   htematin.    According   to   Nencki   and   Sieber  , 


>  Tirchow'8  Archiv,  VoL  i.  (1847),  pp.  379,  407. 

•  Virchow,  loc.  cit.  p.  446. 
»  Bobin,  ComptcM  Hendua,  Vol.  xu.  (1855),  p.  506. 

•  Jafl6.  Virchow'8  Arc}dt\  VoL  ixui.  (1862),  p.  192. 
»  Sttlkowski,  Hoppe-Sflyler*8  Med.  cfum.  UnUrM.     Heft  m.  (1868),  p.  436. 

•  LftDghans,  Virohow'e  Archiv,  Vol.  xun.  (1870),  p.  66. 
'  H.  Quincke.  VirchowB  Archiv.  Vol.  xcv.  (18H4),  p.  126. 
^  Henn.  Cordaa.  '  Ueber  den  ResorptionBmecbanismna  voa  Blutergasficn.'     Berlin. 

Hiischwold,  1877. 

•  UeckUaghaueen,  Uandbuch  d.  allgem.  Path.  d.  KreUlauJet  und  der  Ertilihrung, 
p.  434.     Stutt^rt,  Eiike.  1869. 

"  Bnnge,  (>p.  <:i/.,  p.  876. 

1^  Latsobenbergfir,  *Die  BOdnni;  des  GaUeufarbstoffes  am  dem  Blatfarbstoff.' 
Monatschrijt  J.  Clumie,  Vol.  rx.  (1888),  p.  52.  Qnot«d  bj  Neomeister,  l^hrbuch  der 
phytioloffUch^n  Chemie,  p.  174. 

ti  NeomaDn,  '  Beit  rage  zur  Eenntnias  der  patliologischen  Pigm«nte.'  Virchow*B 
Archir,  Vol.  CM.  (1888).  p.  26. 

i>  Kaukel,  *  Ucber  das  Vorkoninjen  von  Eisen  noch  BlutextraT&Hation.*  Zeitsehrift 
/.  phyjt.  r/wfMi>,  Vol.  V.  (1881).  p.  40. 

»  Kuhne.  Uhrbnch,  p.  203. 

u  NeDcki  nnd  Sieber,  *  Untermohangeii  Uber  den  Blutfarbstoff.'  Ber.  d,  deuUcK 
them.  QeatlUchaft,  Vol,  xvii.  (1884),  p.  2276. 
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equation  probably  expresses  the  tracflfonuatioD  of  hsematiB  intu 
bilinibin 

C„H„N.O,Fe  +  2H.0  -  Fe  =  C„H^,0. 

Hvmatin  BilirubiD 

The  iron  free  hffimatoporphyrin,  which,  according  to  Nencki  and 
Sieber,  has  the  same  percentage  composition  as  bihruhin,  and  which 
is  represented  by  the  fonuula  C,aH,g]N,0,.  when  reduced  by  means  of 
tin  and  hydrochloric  acid  in  alcbolic  solution  soon  yields  a  body  which 
confers  a  yellow  colour  to  the  solution,  and  which  in  its  behavionr 
towards  solvents,  and  iu  its  spectrumt  is  undistinguishable  from  bydru- 
bilirubin,  which  we  have  seen  to  be  the  tjrpical  product  of  the  actiao 
of  nascent  hydrogen  on  bilirubin  (Hoppe-Seyler  ).  ^ 

In  addition  to  the  above  facts,  which  alone  are  perhaps  suffid 
to  prove  that  the  bile  colouring  matters  are  derived  from  the  haem* 
of  ha3moglobin,  there  are  others  which  tend  in  the  same  direction. 
Thus  AniphioxxLS  which  is  the  only   vertebrate   without  red  bl 
corpuscles  forms  no  bile  colouring  matters  (Hoppe-Seyler*). 

Again,  it  bos  been  shewn  that,  concurrently  with  the  excretion 
the  bile  colouring  matters,  the  liver  always  excretes  iron,  though  th^ 
amount  of  the  latter  is  not  in  proportion  to  the  former,  assuming  th9 
decomposition  to  go  on,  as  expressed  in  the  equation  of  Nencki  and 
Sieber. 

That  all  the  iron,  resulting  from  the  decomposition  of  hcBmatin 
which  leads  to  the  formation  of  bile  colouring  matters,  should  not  be 
excreted  in  the  bile  is,  however,  in  no  way  surprising.  The  fact,  indeed, 
agrees  with  others  with  which  we  are  acquainted.  It  has  already 
[been  stated  that  Zaleski  found  various  combinations  of  iron  in  the 
liver.  In  some  of  these  the  metal  can  be  detected  by  the  reagents 
usually  employed  for  the  detection  of  iron  iu  its  salts  {e.g.  by 
ipotassiura  ferrocyanide  aud  hydrochloric  acid),  but  in  others  the 
tnetal  is  an  element  of  organic  compounds,  such  as  nucleins,  aud  can 
only  be  detected  when  these  are  destroyed.  In  one  form  or  another, 
the  liver  appeal^  to  hoard  a  certain  proportion  of  iron  which  probably 
takes  part  in  fresh  syntheses  of  haimoglobin.  When,  however,  the 
,  destruction  of  red  blood  corpuscles  goes  on  with  abnormal  rapidity, 
-as  appears  to  be  the  case  m  pemtciom  anaemia  (Hunter*,  Mott*, 
DeMpine*.  and  in  poisoning  by  arseniuretted  hydrogen  (Naunyn 
and  Minkowski*),  the  iron  iu  the  liver  increases  greatly.  In  the 
first  case,   the  urine   contains   abnormal   quantities  of  urobilinoid 

1  Hoppe-Beyler,  Phytiohghcfu  Chemie^  p.  396. 

'  Hoppo-Soylcr,  Pfluger'a  Archxv^  Vol.  xiv.  (1877).  p.  809 ;  PhyiioUigiAc)u  Ckemit, 
p.  270. 

»  Hunter,  Lancet^  1888,  Vol.  ii.  pp.  666,  «08,  C64. 

<  Mott,  LanctU  1)^9,  Vol.  i.  p.  520;  1890,  Vol,  i.  p.  287 ;  iVoceifiOTw.  Aug.  IdOa 

•  Belc^iiie,  PractUionfr,  Aug.  1890. 

■  Minkowski  and  Naonyn,  Archiv  /.  exp.  Pathol,  und  PharmakoU  Vol  xxi.  (188G), 
P-  1. 
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matters,  which  are  certainly  close  derivations  of  the  bile  colouring 
matters ;  in  the  second  case  much  bilirubin. 

It  has  thus  been  proved,  by  a  number  of  distinct  but  correlated 
arguments,  that  the  bilirubin  of  the  bile  is  a  derivative  of  the  blood 
colouring  matter.  When  discussing  the  mode  of  production  of 
jaundice,  we  shall  shew  that,  if  we  except  the  local  origin  in  blood 
extravasations,  bilirubin  is  only  formed  in  the  liver. 


I 


Sect,  2.    Discussion  of  the  Question  whether  the  Bile  is 

TO    BE    considered    A    DIGESTIVE    SecUETION.       The    ACTION 

OF  THE  Bile  on  Carbouydkates,  Proteids  and  Fats. 


Preliminary  Observations, 


The  bile  differs  from  the  saliva,  the  gastric  juice,  and  the  pan- 
creatic secretion  in  that,  if  we  except  altogether  insignificant  traces 
of  a  diastatic  enzyme,  it  contains  no  ferment  capable  of  dissolving,  or 
effecting  the  hydrolytic  decomposition  of,  carbohydrates,  proteids.  or 
fats.  Nevertheless,  although  the  bile  unquestionably  subserves 
excretory  functions,  it  also  plays  an  auxiliary  and  not  unimportant,  part 
in  the  complex  digestive  processes  of  the  small  intestine. 

Two  interesting  anatomical  considerations  may  be  adduced,  of 
which  the  first  establishes  the  excretory  function  of  the  bile,  whilst 
the  second  raises  a  strong  presumption  in  favour  of  the  importance 
of  the  bile  in  the  digestive  process : — 

Firstly.  During  the  third  month  of  foetal  life^  long  before  other 
digestive  secretions  are  found  out  (at  a  time  therefore  when  digestive 
acts  are  yet  entirely  in  abeyance),  the  liver  whose  importance  for  the 
economy  at  this  period  is,  doubtless,  represented  by  its  relatively 
enormous  development,  commences  to  secrete  bile  which  accumulates 
in  the  intestine  and  forms  a  large  part  of  the  meconium'^,  which  is  dis- 
charged at  an  after  birth.  This  fact  argues  strongly  in  favour  of  the 
indispensable  excretory  functions  of  the  bile. 

Secondly.  The  bile  duct  in  all  animals  opens  into  the  commcnce- 
meut  of  the  intestine,  into  the  duodenum,  either  at  the  same  place 
Slb,  or  above  the,  principal  pancreatic  duct.  *If,*  argues  Bunge*,  'the 
bile  were  an  excretion  we  sbouki  expect  the  ductus  choledochus  to 
open  into  the  lower  end  of  the  rectum,  juat  as  the  ureter  opens  into 
the  cloaca  in  the  lower  vertebrates.  It  is  impossible  not  to  believe 
that  bile,  in  its  long  passage  through  the  intestines,  must  have  some 
serious  duties  to  perform/ 

*  Zweifel,  •  Untersiichungen  iiber  den  Verdanungflapparat  des  Nengeborenen,' 
Berlin,  1874,  Centralblatt  f.  d.  mtd.  U'usfnschaft,  1874,  no.  59;  Prejer,  UptciclU 
Phynologie  df»  JCmlryo,  Leipzig,  1885. 

*  Zweifel, '  UnUtrsuohungcn  ubor  das  Mcooniom.'  Arehiv  f.  Qyn&koloffu,  Vol.  vn. 
p.  474. 

>  BuDge,  Phy$ioloffieal  and  Patholuffieal  Oumittry^  Vol  i.  p.  218. 


THE  BILE  AS  A   DIGESTIVE  SECRTnON.  [BOOK 

With  Bunge,  we  consider,  as  already  stated,  that  this  anatomi* 
fact  establishes  a  strong  presumption  in  favour  of  the  view  that,  in  h 
long  passage  through  the  intestine,  the  bile  must  have  serious  duties 
to  perform,  though  we  cannot  admit  that  it  negatives  the  view  ilint 
the  bile  is  in  respect  of  certain  constituents  (cholesterin  and  bile 
colouring  matters)  an   excretion.     Altogether   independent  of  aucb 
arguments,  however,  we  are  in  possession  of  facts  which  establish  in 
the  clearest  manner  that   the  bile,  besides  being  an  agent  in  the 
removal   of  waste  products  from  the  economy,  is  esseutial  V.*  tlie 
normal  course  of  the  digestive  processes  of  the  small  intestine:  thai 
without  its  aid  a  most  important  group  of  alimentary  principles — ihe 
fats — in  great  part  invariably  escape  absorption,  though,  it  is  true, 
this  departure  from  the  normal  state  may.  in  some  cases,  be  not  incon- 
sistent with  the  persistence  of  an  apparently  satisfactory  state  of 
the  general  health, 

AoUonofbu©  Many  observers  have  shewn  that  the  bile  obtaind 

on  ttarcJi.  hoxtv  human  biliaiy  fistulse,  if  digested  with  starcb 

solutions,  for  a  great  many  hours,  is  able  to  convert  traces  of  starch 
into  sugar  It  is  obvious,  however  that  in  virtue  of  these  traces  ihe 
bile  can  play  no  part  in  the  digestion  of  starches,  and  accordingly  it 
has  been  found*  that  the  fteces  of  dogs  with  biliary  fistula  and  fed 
upon  bread  either  contain  no  starch  or  only  such  small  quantities  ju 
occur  in  tbc  case  of  normal  dogs  fed  in  the  same  manner.  These 
experiments  are  borne  out  by  observations  made  on  human  subjects 
with  biliary  fistulae. 

The   bite  of  the  pig  appears,  according  to  the  observationa  of 
Nasse',  to  possess  the  power  of  dissolving  raw  starch. 

ActiottofbUo  The  bile,  containing  no  proteolytic  enzyme,  ejceitt 

on  proteidB.  ^^  direct  actiun  in  digesting  the  albuminous  and  albu- 
minoid matters.  Nevertheless,  the  bile  must  indirectly  co-operate  io 
the  digtiation  of  protoids.  When  bile  is  added  to  the  acid  products 
of  gastric  digestion  (chyme),  a  precipitate  is  produced",  compiised 
essentially  of  a  mixture  of  unchanged  native  albumins,  and  of  bile 
acids  (especially  taurocholic  acid),  which  carries  down  with  it  pepsin 
(Briicke).  The  important  result  of  the  admixture  is,  however,  the 
fact  that,  though  the  quantity  of  bile  may  be  quite  insufficieol  lo 
neutralise  the  acidity  of  the  chyme,  the  proteolytic  activity  of  the 
pepsin  is  at  once  aiTested  (Briicke),  The  bile  seems  to  have,  there- 
fore, the  important  function  of  arresting  peptic  digestion,  and  in  thi* 
way,  as  well  as  in  others,  of  establishing  the  conditions  which  an- 

»  Bidder  und  Schmidt,  Vtrdauung$ififte^  p.  222. 

'  H.  Nasa**.  CanstnttB  Jahrtibtricht  d.  Pharm.  1859,  n.  8.  8S  (qnoted  hj  Milj. 
Hermann's  Handbuth,  Vol.  vii.  p.  177. 

'  Bernard.  Lemons  de  Physiologie  Kxp^rintentaU,  PariB,  1856,  p.  4313 ;  Kutat. 
Lckrbueh  d.  phyg,  Chemte,  p.  'J9 ;  J.  Molesohott,  '  Ueber  die  Einwirknng  der  GtJle  Qui 
ihrer  «icliti|{Bten  Bentandtbeile  auf  Feptone.'  Untertuchung  rur  NattifUhrt  Sit 
Uemeken^  Bd.  xi.  Heft  5,  8.  2. 
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requisite  for  the  proper  exercise  of  the  digestive   activity  of  the 
pancreatic  jtiice. 

Our  knowledge  of  the  reactions  which  occur  when  the  bile  comes 
ID  contact  with  an  acid  chyme  is  derived  mainly  from  the  writings 
of  KUhne'  and  of  Hammarsten"  and  from  the  more  recent  researches 
of  Maly  and  Emich*.  The  principal  results  will  here  be  aum- 
marised.  If  bile,  which  has  been  freed  from  its  mucoid  uucleo- 
albuDiin  by  treatment  with  alcohol,  be  added  to  a  mixture  made  by 
digesting  egg  albumin  in  artificial  gastric  juice,  a  precipitate  occurs, 
wticb  is  composed  partly  of  a  heavy  floceuleut  body  aod  partly  of 
&  finely  granular  body  which  it  is  hanl  to  separate  by  filtration.  The 
fonner  is  a  comj>ound  of  a  proteid  with  bile  acids;  the  latter  is  com- 
posed essentially  of  bile  acids  mixed,  perhaps,  with  a  small  quantity 
ttfalbumoses.  The  flocculent  precipitate  to  which  we  have  referred, 
Wid  which  was  formerly  spoken  of  as  containmg  syntonin,  doubtless 
[loes  not  usually  contain  acid  albumin,  but  the  body  which  Meissner 
termed  Parapeptoiie,  and  Kuhne  Anttalbtnnat  (see  pp.  11.^  and  120). 

The  amount  of  the  two  precipiLates  produced  depeuds  greatly  upon 
the  acidity  of  the  digestive  mixture,  upon  the  compositiun  of  the  bile 
which  is  added  and  upon  the  (piantity  of  salts  which  may  be  present. 
rhere  are,  for  instance,  specimens  of  ox  bile  which  are  precipitable 
when  treated  with  dilute  acids,  and  others  which  are  not;  the  former 
Contain  relatively  very  little  taurochulic  acid,  tlie  latter  umch  more. 
When  the  former  are  mixed  with  bile  at  the  temperature  of  the 
hody,  a  precipitate  is  thrown  down ;  if  the  liquid  be  filtered  and 
Pooled,  a  fresh  precipitate  forms  which  is  sometimes  so  abundant  as 
to  give  to  the  li(|uid  the  consiateuce  of  a  magma.  When  the  bile  is 
ich  in  taiirocholic  acid  tliia  precipitation  does  not  occur,  or  the  pre- 
cipitate at  first  produced  is  readily  dissolved  on  adding  more  bile 
a«e  p.  296). 

Although,  as  a  result  of  Hammarsten'a  researches,  it  was  shewn 
iOat  the  precipitate  produced  by  adding  bile  to  acid  chyme  was 
Partly  proteid  in  nature  and  partly  composed  of  bile  acids, 
^<scurate  information  was  wanting  as  to  the  exact  power  which  the 
-Vro  principal  bile  acids  possess  of  precipitating: — firstl}',  native 
Ubumins  :  secondly,  albumoses  :  thirdly,  peptones.  Experimenting 
"•"ith  solutions  of  the  pure  bile  acids  or  their  salts,  and  mixing  with 
theta  solutions  of  native  albumins,  and  of  albumosea  and  of  peptones 
^  pure  as  it  was  at  that  time  possible  to  obtain  them,  Maly  and 
*^inich  obtained  the  following  interesting  results: — 

First.  Taurocholic  acid  (or  a  mixture  of  an  alkaline  taurocholate 
^d  an  acid)  precipitates  native  albumin  or  acid  albumin  at  least  as 


'  Ktihne.  Lehrbuch,  pp.  98—100. 
j^   *  Haiiiinar«t«D,  Abstract  in  Jahrtsher.  d.  get.  Med.  1870,  Vol.  i.  p.  106.     See  also 
^^y  in  Hermann's  Hnndbudu  Vol.  v.  II.  IHI. 

*  Maly  uud  Emich,  '  Ueber  dAs  Verhalten  der  GuileDsriuren  za  Eiweiastind  Feptoneu 
^«I    fiber  dercn   antiseptiBche  ■Wirkangen.'     MonaUchrift  f,  CheM.  VoU  iv.  (1883), 
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completely  as  do  tannic  or  phoepho-tungstic  acids.     On  the  otber 
hand,  taurocholic  acid  preciptates  neither  albumoses  nor  peptones. 

Second.  The  precipitate  which  occurs  when  taurocholic  acid  is 
mixed  with  a  solution  of  albumoses  or  peptones  is  composed  d 
taurocholic  acid. 

Third.  Gljkocholic  acid  neither  precipitates  native  albumius 
nor  albumoses  and  peptones.  When  crystallising  from  a  solution, 
glykocLolic  acid  may,  however,  carry  down  with  it  mechaoicilly 
traces  of  albumoses.  Further,  glykocholic  acid,  unlike  taurocLolw 
acid,  is  not  precipitated  by  albumoses  or  peptones. 

The  whole  of  the  facts  which  we  have  endeavoured  to  bring  to- 
gether establish  that  when  the  addition  of  bile,  which  contains  both 
glykocholic  and  taurocholic  acid,  to  chyme,  leads  to  a  precipitate,  this 
may  contain,  firstly  a  precipitate  of  parapeptone  or  antialbumai, 
thrown  down  by  taurocholic  acid  :  secondly,  a  precipitate  of  glyko- 
cholic acid,  due  to  the  mere  acidity  of  the  mixture,  if  the  quantity  of 
taurucholic  acid  in  the  bile  was  very  small :  thirdly,  a  precipitate 
of  taurocholic  acid.  Both  the  second  and  third  of  these  are  very 
readily  soluble  in  faintly  alkaline  solutions,  and  excess  of  bile,  there- 
fore, readily  dissolves  the  precipitate  which  at  first  occurred. 

It  follows  from  the  researches  of  which  an  account  has  been 
given  that  bile  which  contains  tatirocholic  acid,  typically  that  of  tbe 
camivora,  can  effect  a  very  perfect  precipitation  of  native  albumifl 
or  of  syntonin,  if  any  should  exist  in  .solution  and  what  is  much 
more  important  of  the  parapeptone,  which  is  incapable  of  further 
action  by  pepsin,  aud  which  always  is  present  in  greater  or  lefi 
quantity,  however  long  the  process  of  gastric  digestion  has  gone 
on.  That  such  a  precipitation  is  actually  to  be  observed  in  the  Juo- 
denum,  firmly  adhering  between  the  villi,  is  asserted  by  so  infallible 
an  observer  as  Kuhne^  w*bo,  however,  states  that  a  little  further 
down  the  precipitate  is  no  longer  observed.  This  precipitation  ha 
been  supposed  to  favour  the  action  of  the  pancreiitic  juice  upon  the 
albuminous  bodies  which  have  escaped  conversion  iuto  albuuiostft 
for  it  is  ouly  the  former,  as  we  have  shewn,  which  are  precipitated. 

It  appears  to  the  Author  that  the  precipitation  of  the  chyme  by 
the  bile,  \vhich  chiefly  leads  to  the  temporary  separation  of  the  bil^ 
acids,  rnay  be  of  special  importance  in  placing  the  latter  under  COB" 
ditions  which  will  favour  their  decomposition  and  rapid  reabsorptioD- 
All  facts  seem  to  give  support  to  the  view  first  advocated  by  Scbiff 
(see  p.  278  et  aeq.)  and  to  shew  that  very  soon  after  the  bile  has  been 
deflected  from  its  normal  course  into  the  alimentary  canal,  the  soW 
matters  which  it  contains  aud  which  consist  principally  of  the  sill* 
of  the  bile  acids,  undergo  a  great  dimiuutiou  :  whilst  very  soon  af^' 
the  bile  has  been  allowed  to  resume  its  normal  course  the  bile  acid^ 
in  the  bile  increase.     May  not.  then  the  absorption  of  the  bile  afli 

'  Kithne,  Lehrbuckt  p 
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rbap,  the  decomposition  into  cbolalic  acid  and  atnido-acids  which 
obably  precedes  absorption,  be  a  function  which  is  assisted  by  the 
ecipitatiou  which  we  have  been  considering  ? 


The  Action  of  the  Bile  on  Fats. 

It  has  already  been  stated  that  the  digestion  of  starchy  and  pro- 
Id  constituents  of  food  proceeds  normally  in  animals  or  human 
iings  with  biliary  fistula?,  the  faeces  containing  no  larger  quantity  of 
idigested  starches  or  proteids  than  in  the  normal  condition  of  the 
idy.  The  case  is,  however,  very  different  with  the  fats.  As  Bidder 
id  Schmidt  first  ascertained  with  precision,  and  as  has  been  abuud- 
itiy  and  invariably  confirmed,  whenever  the  bile  is  cut  oflf  from  the 
imenta-ry  caual,  the  faeces  contaic  a  large  quantity  of  fat,  shewing 
i«t  the  processes  which  are  necessary  precursors  of  its  absorption 
ive  been  materially  interfered  with. 

Bidder  and  Schmidt  found  that  dogs  with  biliary  fistulie  absorbed 
om  2J  to  7  times  less  fat  than  normal  dogs.  They  also  found  that  whilst 
)gB  on  a  meat  diet  yielded  a  milk-white  chyle  which  contained  3*2  per 
at  of  fttt,  in  dogs  in  which  biliary  fistulse  had  been  long  establibhed  the 
lyle,  inalead  of  being  milk-white,  merely  pi^esented  an  opalescent  appear- 
loe  and,  in  one  case,  contaired  only  0*19  per  cent,  of  fat.  Voit'  shewed 
t&t  when  dogs  are  fed  on  quantities  of  fat  amounting  to  from  toO  to  200 
TUB.,  99  per  cent,  of  the  total  amount  is  absorbed,  only  about  1  per  cent. 
iieing  into  the  fiecee,  whilst  if  the  same  amount  of  fat  be  given  to  dogs 
ith  biliary  fistulce,  as  much  as  66  per  cent,  of  the  whole  amoimt  Ingested 

excreted  per  anuvi.  It  is  to  this  incapacity  of  utilizing  the  fats  that 
oit  ascribes  the  emaciation,  as  well  as  the  ravenous  hunger,  of  many  dogs 
ith  biliary  fistula. 

The  analyses  of  the  feces  of  human  beings  with  biliary  fistulee  have 
tiewn  that  these  invariably  contain  much  fat;  usually  from  11  to  13  per 
tot.  of  their  weight.     This  fact  will  be  referred  to  again. 

In  describing  the  properties  of  the  bile,  we  have  referred  to  the 
tet  that  it  is  able  to  dissolve  small  quantities  of  neutral  fats,  so  that 
'has, from  time  immemorial,  been  employed  to  remove  grease  stains 
mm  coloured  fabrics.  That  this  slight  solvent  action  of  the  bile 
n  the  neutral  fats  plays  a  material  part  in  the  processes  of  the 
atestine  is,  however,  most  unlikely,  Wc  have  also  referred  to  the 
^  that  the  bile,  when  shaken  with  liquid  fats,  forms  imperfect 
niulsions,  from  which  the  oil  soon  separates. 

Although  bile,  pure  and  unmixed,  possesses  this  imperfect  emul- 
ionifiing  power,  the  case  is  very  ditTorenb  if  it  be  mixed  at  the 
emperature  of  the  body  with  free  fatty  acids.  Under  these  cir- 
iimstances,  an   acid   emulsion  is  obtained,  holding  an   excess  of 

'  CatI  Voit,  'Ueber  die  Bedeuttmg  der  Galle  fiir  die  Aufnahme  der  Nahmngggtofle 
^  Damikanal.'  Stuttgart.  VerUg  der  J.  G.  Cotta'scben  BaohlisndluDg,  1882. 
B^ratatjdruck  ans  den  *  lieitrftgen  der  Biologie,  JubiliiunuKhrift  fSr  Oeheimrath  t*. 
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fatty  acids  in  solution  and  capable  of  forming  a  perfect  emutsioQ 
with  the  neutral  fats.  The  process  is  one  in  which  soaps  are  pro- 
duced through  the  decomposition  of  the  alkaline  salts  of  the  bite 
acids  by  the  free  fatty  acids.  As  a  matter  of  fact,  the  bile  in  ih^ 
intestine  finds  itself  in  coutact  with  fatty  acids  which  have  been! 
liberated  from  the  neutral  fats  by  the  fat-decomposing  enzyme  of 
the  pancreatic  juice,  and  all  the  conditions  are  present  which  aw 
retjuisite  to  confer  on  the  bile  an  cmulsionising  action.  How  fu 
this  action  is  important  in  the  mechanism  of  the  abs<jrptioa  of  faU 
will  be  further  considered  when  that  subject  is  being  treated  of  io 
detail. 

But  the  action  of  the  bile  on  the  fats  is  not  limited  to  tb» 
formation  of  soaps  with  the  free  fatty  acids  Neumeister'  poioli 
out  that  solutions  of  the  cholates  possess  the  power,  when  gently 
heated,  of  dissolving  the  insoluble  soaps  of  calcium  and  magnesiuaii 
compounds  which  doubtless  occur  in  the  intestine.  In  considering 
the  absorption  of  fats,  we  shall  also  discuss  the  supposed  iudueoj 
of  the  bile  in  aiding  the  passage  of  fats  through  membranes. 


Tfie  Antiseptic  and  Laxative  Actions  of  the  Bile, 
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It  is  impossible  to  make  observations  on  dogs  with  biliary  fistalm! 
without  being  struck  by  the  peculiar  foator  of  the  fseces,  which 
reminds  one  of  the  foetid  smell  emanating  from  vats  in  which 
skeletons  are  macerating.  The  clay-coloured  faeces  of  human  beings 
with  biliary  fistula?^  or  suffering  from  jaundice  depcndmg  on  a 
complete  obstruction  to  the  flow  of  bile  in  the  intestine,  almost 
invariably  present  somewhat  of  the  same  peculiar  foetor.  Thew 
facts  naturally  led  physiologists  (Bidder  and  Schmidt)  and  physician* 
to  ascribe  to  the  bile  an  antiseptic  action  on  the  coutents  of  tlie 
intestine.  That  th«  bilu  is  in  auy  sense  an  antiseptic  has,  however, 
been  denied  by  some*  inasmuch  as  it  is  a  liquid  which  whea  ex- 
posed to  air  rapidly  decomposes ;  the  experiments  of  Sherrington* 
and  of  Copeman  and  Winston"  have  shewn,  moreover,  that  micro- 
organismSj  of  the  most  diverse  kinds,  develope  perfectly  in  culture 
media  to  which  bile  has  been  added. 

It  has  already  been  said  that  the  clay-coloured  faeces  of  animals 
^vith  biliary  fistulte,  eus  well  as  of  human  subjects  with  obstruction  of 
the  commun  bile-duct,  when  fed  upon  a  mixed  diet,  contain  undigested 
fat.  It  is,  indeed,  this  unabsorbed  fat.  which  amounts  to  II  or  13pef 
cent,  of  the  weight  of  the  fieces,  which  is  the  chief  cauae  of  the  cUj' 
coloured  appearance  which  they  present.  It  has  been  found,  that 
when  an  animal  is  fed  upon  a  diet  in  which  flesh  is  absent  the  put 


l^ 


1  Keumeister,  Lfhrbitch  d.  phys.  Chemie,  1893,  p.  178. 

*  C.  J.  Sherrington,  Journal  of  Pathology  and  litxcteriology,  Feb.  1893. 

>  Copem&n  iLod  WiuBton,  op.  cit.,  Joum.  of  PhyHoloyy,  Vol.  x.  (188d|,  p.  ^ 
On  this  matter  compare  the  ezperimeDta  of  Limbourg,  Zeitsehrift  /.  phift,  CA^*^ 
Vol.  XIII.  p.  lyc. 
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deeompoBition  which  causes  the  peculiar  fcetor  no  lon^r  occurs^*  *. 
It  has,  of  late,  been  niaintaitied  that  it  is  uot  the  withdrawal  of  the 
SAtiseptic  action  of  the  bile   which  is  the  cause  of  this  putrid  de- 
OomposiiioD  but  the  presence  of  unabsorbed  fat  in  the  contents  of 
ttie   large  intestine.     The  fat  is  supposed  to  act  by  preventing  the 
piroper  digestion  of  the  alhumiiious  food  substances,  which,  being 
■cxiveloped    in    fat,   undergo    putrefaction.      It    may   be   true   that 
ttie    presence    of   fats    favours    somewhat   the    putrefactive   decom- 
position of  the  proteids,  though  it  appears  to  the  Author  that  it  is 
*loite  inadequate  to  explain  it.     The  faeces  of  cbildreu  as  well  as  of 
*dult5  when  living  upon  a  diet  of  milk  alone  contain  far  larger  quan- 
^iti.-s  of  undigested  proteids  than  the  faeces  of  animals  with  biliary 
fiKtula^,  and  they  contain   likewise   much   undigested    fat,   and    yet 
*fc«*re  is  usually  a  remarkable  absence  of  fcetor  and  particularly  of 
ttat  which  characterises  the  faeces  in  which  no  bile  is  present.     The 
^atne  remark  applies  to  cases  in  which  large  quantities  of  vegetable 
*>*■  animal  oils  are  administered  and  in  which  the  fteces  always  con- 
"^in  much  fatty  matter  which  has  escjiped  decomposition.     In  two 
**fcses  of  fatty  stools  associated  >vith  disease  of  the  pancreas,  without 
pressure  on  the  common  bile-duct,  which  the  Author  has  had  occasion 
V>  observe,  there  was,  in  spite  of  large  quantities  of  unabsorbed  fat, 
*  complete  absence  of  the  foitor  under  discussion.     Huw  then  can 
We  explain  the  disappearance  of  the  fcetid  decompoiiitian  when  dogs 
"With  biliary  fistula^  are  fed  on  a  diet  in  which  fats  have  been  re- 
placed by  carbohydrates  i     Doubtless,  the  acids  resulting  from  the 
fermentation  of  carbohydrates   in   the  intestines  exert  an  influence 
On  the  alimentar}'  contents  which  adequately  compensates  for  that 
l^rmally  exerted  by  the  bile  acids. 

Maly  and  Emich'  have  shewn  that  the  free  bile  acids,  and 
especially  taurocholic  acid,  exert  a  powerful  antiseptic  action,  and 
their  statements  have  been  confirmed  by  the  observations  of  Linder- 
berger*.  Admitting  that  free  taurocholic  acid  is  nearly  as  powerful 
an  antiseptic  as  saUcylic  acid,  as  Maly  and  Emich  assert,  it  may  be 
urged  that,  as  the  bile  does  not  contain  free  bile  acids,  any  argument 
based  on  the  properties  of  these  is  faulty.  The  reader  is  reminded, 
however,  that  the  matter  is  not  as  simple  as  it  appears  at  first  sight 
to  be.  In  the  first  place,  we  have  seen  that  in  three  various  ways  we 
may  have  the  bile  acids  precipitated  when  the  bile  comes  in  contact 
with  the  acid  chyme :  viz.  in  combination  with  syntoniu  or  mth 
anlialbumat  if  these  substances  are  present  and  the  bile  contains 

^  Voit.  op.  cit. 

*  F.  Rohm&nn,  *  Beobacbtungcn  &□  Htind«n  mit  Oallenfiittelji,'  PflQger's  Archiv, 
Vol.  ixix.  (18H3).p.  296. 

>  Maly  and  Emloh,  '  Ueber  dae  Yerhalt«n  der  Gallensaarcu  zu  EiweiM  and 
Peptoneu  nnd  uber  deren  antiaeptiache  Wirkangen,'  Jilonatachnjt  f.  Chnuu,  VoL  iv. 
(1888),  pp.  89—120. 

*  V.  Linderlwrger,  'Ueber  die  BedeutunR  der  Galle  fiir  die  FSolnisHproceaae  im 
Dunndarm.'  Abstracted  from  tho  original  Swedish  paper,  by  Hammarsten.  Maly'a 
Jahreib.  Vol.  xiv.  (1886).  p.  334. 
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taurocholic  add  in  a  free  condition ;  as  a  result  of  the  aciditj  of  the 
ch3rme,  if  gljkocholic  add  preponderates  greatly ;  in  a  free  conditioo 
by  the  action  of  the  albumoses  and  peptones  existing  in  solution, 
if  taurocholic  acid  be  present.  But  leaving  the  chyme  altogether 
out  of  consideration,  it  is  perfectly  certain  that  the  salts  of  the  bile 
adds  must  be  decomposed  by  the  intestinal  contents  in  virtue  of 
the  free  acids  which  they  invariably  contain.  As  Nencki  has  pointed 
out,  the  contents  of  the  small  intestine  are  invariably  add,  in  coose- 
quence  of  the  development  of  organic  adds,  and  espMedally  of  lactic 
acid,  through  the  agency  of  micro-organisms  on  the  sugars.  It  doei 
not  appear  to  be  a  very  bold  assumption  to  suppose  that  this  pre- 
cipitation of  the  bile  adds  modifies,  in  an  impc^tant  manner,  the 
siibsequent  changes  which  the  albuminous  bodies  undergo  in  the 
intestine,  under  the  influence  of  putrefactive  oiganisms ;  it  is,  never- 
theless, obvious  that  this  restraining  action  cooperates  with  and  maj 
be  replaced  by  other  i^ents. 

In  addition  to  its  other  functions,  the  bile  is  supposed  to  exert  a 
naturally  laxative  action,  inasmuch  as,  when  it  is  cut  off  from  the 
intestine,  constipation  is  a  fr*equent  result,  whilst  when  it  is  adminift- 
tered  medicinally,  in  the  form  offd  bovinwm  in^nssatttm,  it  exerts  a 
laxative  action,  or  reinforces  the  action  of  drugs  possessing  a  lazatiTe 
action", 

'  Befer  to  faueti  refsning  to  thia  matter  in  Bmnton's  Pkafmaeotegff,  Tkenpettia 
and  Materia  Medico.    London,  1887,  see  p.  1083. 
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Sect.    I.    Tue  Mode  of  Production  and  the   Phenomena  of 
Icterus  or  Jaundice.    Icterogenic  Poisonous  Agents. 

Jaundice  is  a  coDdition  characterised  by  a  more  or  less  deep 
yellow,  or  greeniah-yellow,  colour  of  the  skin  and  ootijunctivae  and  by 
the  presence  of  bile  colouring  matters  in  the  urine.  It  invariably 
depends  upon  causes  which  either  completely  obstruct  the  flow  of 
bile,  or  which  modify  the  pressure  under  which  the  bile  normally 
flows  along  the  biliary  ducts. 

When,  from  any  cause,  the  pressure  increases  in  the  bile  ducts, 
i  the  bile  colouring  matter  and  the  bile  acids  enter  the  lymphatics  of 
the  liver  and  are  conveyed  in  the  lymph  through  the  thoracic  duct 
into  the  blood  (v.  FleischP,  KunkeP).  If  the  thoracic  duct,  as  well 
as  the  common  bile  duct,  be  ligatured,  no  jaundice  results  and  biliai'y 
constituents  cannot  be  dtjtected  in  the  urine  (Kufferath*).  Vaughan. 
Harley*  in  a  recent  research,  conducted  under  Ludwig's  direction,  haa^ 
confirmed  in  a  remarkable  manner  the  results  of  v.  Fieischl,  Kunkel 
and  Kufferath.  Having  ligatured  the  common  bile  duct  and  the 
thoracic  duct,  he  found  that  dogs  often  survive  the  operation,  with- 
out any  appreciable  inconvenience  and  without  jaundice  supervening; 
neither  bilirubin  nor  bile  acids  passed  into  the  urine,  though  m 

>  T,  Fleisohl,  'Tod  der  Lymph  and  den  LymphgefaaseD  der  LeW.'  Ludwig'a 
Arbeitm.  1874.  p.  24. 

*  Kankpl.  Ladwig's  ArhfiUn,  1875. 

3  Kuflerftth,  '  Ueber  die  Abweseaheit  der  Oolleuuurea  im  Blate  nadi  dem  VerachloBs 
des  Oallea-  iind  des  MUcbbTUHtKanges'  (Aus  d.  phja.  Inst,  sa  Leipzig).  Du  Bois 
lteymond'9  Archiv,  1880.  pp.  92—94. 

*  \)t  VHUgban  Uarley,  'Leber  und  Galle  wahrecd  Jjiiieniden  VerschluAHes  vod 
Qrftllenund  Bniiitgang'  (Aur  d.  pbya.  InM.  zn  Leipzig).  Du  Bois  Beymond's  Arxhiv^ 
asth  2kUy,  1893,  p.  291  et  leq. 
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one  case  seventeen  days  elapsed  between  the  date  of  the  applia^tk 
of  the  ligatures  and  that  on  which  the  animal  was  killed.  It,  the 
fore,  appears  to  be  proved,  beyond  the  possibility  of  doubt,  that  it  ii^ 
only  through  lymphatic  paths  that  the  biliary  constituents  cau  leave 
the  liver  and  enter  the  blood.  The  bile  colouring  matter  6rst  makes 
its  appearance  in  the  uriue,  and  if  the  quantity  entering  the  bliwd 
cannot  pari  passu  be  excreted  by  the  kidneys,  it  is  deposited  in,  andj 
stains,  in  the  first  instance,  the  conjunctivse,  afterwards  the  skin  ac' 
other  tissues. 

Although  the  ejiecilio  conHtttuents  of  the  hile  caonot,  in  th^  Domil, 
condition,  be  detected  in  the  blood,  there  can  be  little  doubt  that  tlie  fActii 
due  not  to  their  complete  absence  (seeing  that  one  and  probably  both  find 
their  way  normally,  in  minute  quantities,  into  the  lymph  of  the  thoncic 
duct)  but  to  their  anumnt  being  too  small  to  admit  of  detection. 

Tappeiner^  though  urmble  to  detect  bile  acids  in  the  blood  of  dogii 
was  able  to  separate  them  from  the  lym|»h  of  the  thoracic  duct  and  to 
identify  them.  Haramareten  (see  p.  315)  has  shewn  that  bilirubin  ia  »- 
normal  constituent  of  horse'H  blood.  Unless  the  quantity  either  of  bile 
acids  or  bile  coioui-ing  matters  l>ecomes  too  large,  they  are,  howevflf, 
excreted  by  the  liver  and  do  not  occur,  even  in  traces,  in  the  urine. 

Having,  in  the  above  sentences,  briefly  summarized  the  results 
of  modem  inquiry,  as  to  the  mode  of  production  of  jaundice,  it  w 
necessary  to  refer  to,  and  to  discuss  in  some  detail,  the  grounds  upon 
which  certain  views,  which  until  lately  obtained  very  general  support. 
have  fallen  into  discredit,  or  rather  have  been  proved  to  be  false. 

Until  comparatively  recent  times,  knowledge  as  to  the  mode  of 
origin  of  the  bile  colouring  matter  and  bile  acids  was  so  wanting  m 
precision  that,  as  a  necessary  consequence,  the  mechanism  of  jauuaice 
was  entirely  misuntlerstood.  By  a  great  majority  of  physiologists 
and  physicians,  notably  by  our  own  Glisson*,  the  liver  was  looked 
upon  as  a  mere  filtering  apparatus  {colatortum)  for  the  removal  of  the 
bile  which  existed  proformod  in  the  blood.  As,  however,  pathological 
anatomy  came  to  be  more  ami  more  studied,  it  could  not  escape  the 
observations  of  such  men  as  Morgagni',  Boerhaave  and  his  leanied 
commentator  van  Swieten*,  that  many  cases  of  jaundice  exist  whicli 
are  obviously  caused  by  a  mechanical  obstruction  to  the  flow  of  bile 
into  the  duodenum,  as  by  calculi  and  morbid  growths  obstructing,  or 

^  H.  T&ppeiner,  'Ueber  die  Aufsaugung  der  galleosaaren  Alkalien  im  DunadanM 
SitzungsbfT.  d.  Wiener  Acad.  d.  Wig$enMchajt.     Vol.  lxxvii.  (1878),  Abth.  m. 

*  Ft.  GHsflonii  in  inch*ta  Cantabrigiensi  Aoademia  Medioinae  ProfesBoriB  Anatoou* 
L  HepatiB.  Hagae-Cotnitis.  Apud  ArnoMuiu  Leers.  Anno  1681...  'Verum  n  htjBi 
}  tpectemut dieendum  profecto  fuerit  hi'par  in  eum  Jintm  a  natura  inslitutum  ew.  ^ 

aanguinem  a  bile  defaecatum  reddot^  (p.  411). 
■  Morgagui,  D«  »edibu$  ft  cuutit  morbtnum. 

*  Ger.  L.  B.  van  Swieten,  CommetiUiria  in  Hermanni  Boerhaavi  ApHoriMmot  w 
fCoffnosettidis  et  curandis  morhig.  Toiuus  iii.  Lu^d.  Batav.  uifccuu.  '  Hemper  ftOtflD 
r  Bupponit  (icterus)  vel  impMiitam  ftecretionem  bilia  a  fianguinc  Tcnae  jfrariaram,  ™ 

impediment  urn   toUens   Ubemm  todtum  bilis   secretae  in    iuteHtiuum  aaodenmn 

Verom  ingens  varietaa  icleri  eat  ratione  caosae,  q.ua«  Moretionein  bilia  vel  ejus  libcrUD 
exitum  in  daodcaam  impcdii '  (p.  127).  ^ 
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pressing  upon,  it.  Without  denjring,  or  even  doubtiug,  that  the  specific 
biliary  constituents  normally  exist  preformed  in  the  blood,  and  that 
the  function  of  the  liver  is  to  excrete  them,  they  recognised  two 
great  varieties  of  jaundice,  viz.  a  jaundice  due  to  obstruction  and  a 
jaundice  due  to  non-elimination.  This  view  has  found  supporters  up 
to  the  present  day,  and  it  is  only  within  a  comparatively  recent 
period*  that  facts  have  accumulated  which  prove  that  jaundice 
IS  always  due  to  an  obstniction  to  the  normal  efflux  (»f  already! 
secreted  bile — an  obfitniction  which  may  affect  the  flow  of  bile  along 
the  minutest  hepatic  ducts. 

The  experiments  of  Kunde  and  of  Moleschott,  had  shewn  that 
after  the  extirpation  of  the  liver  of  frogs,  the  blood  aud  tissues  of 
these  animals  are  free  from  all  traces  of  the  specific  biliary  con- 
stituents. In  spite  of  these  facts,  which  have  received  remarkable 
confirmation  and  extension,  the  assumption  was  made  by  some 
(Budd,  Hurley)  that  the  liver  only  forms  the  bile  acids,  whilst  it 
excretes  from  the  blood  ready  formed  bile  colouring  matters.  Re- 
lying on  the  altogether  erroneous  assertion  that  the  bile  acids  are 
absent  from  the  urine  in  cases  of  jaundice  in  which  no  obvious 
obstruction  exists,  a  supposed  distinction  (based  on  the  nan-elimina- 
tion of  bile  acids)  was  attempted  to  be  established  between  these 
cases  and  cases  of  jaundice  in  which  the  existence  of  an  obstruction 
was  obvious. 

Freridii'  Whilst  admitting  the  already  proved  fact  that  the 

doctrino  of  bile  acids  and  bile  colouring  matters  are  formed  in  the 
'poiydioUa'.  liver,  Frerichs'  advanced  the  theory  that,  in  spite  of 
absence  of  all  ob-struction  to  the  outflow  of  bile,  jaundice  may  arise, 
from  the  reabsorption  of  bile  already  excreted  into  the  intestine*' 
Normally,  according  to  Frerichs,  the  constituents  of  the  bile  arc  in 
great  part  reabsorbed  from  the  intestine,  and  then  undergo  in  the 
economy  oxidations,  by  which  they  are  destroyed.  If,  however,  the 
quantity  of  bile  secreted  is  greater  than  cau  be  disposed  of  in  this 
way,  the  biliary  constituents  will  accumulate  in  the  blood,  stain  the 
tissues,  and  be  excreted  in  the  urine,  in  short  all  the  phenomena 
of  jaundice  will  be  induced  by  a  condition  which  may  be  termed 
'polycholia.'  The  views  of  Frerichs  were  supported  by  many 
altogether  erroneous  facts  as,  for  instance,  that  by  the  action  of 
sulphuric  acid  on  the  bile  acids,  bile  pigments  can  be  produced,  aud 
that  when  the  bile  acids  are  injected  into  the  blood  the^  are  con- 

*  Tho  development  of  our  knowledge  on  this  subject  will  b«  appreciated  by  the 
reftder  wbo  refers  to  the  article  Jauudioe  by  the  Ute  Dr  Murchieou  in  QuaIu'b 
Dictionary  of  Medicine^  London,  1882.  The  theoretical  exjjknationB  of  cases  of  'jaun- 
dice indepeodent  of  niecbauic&l  obtttruotion  of  the  bile-duct*  ^iven  b;  this  distingaisbed 
phyaioi&n  arc  already  aa  obBolctc  as  are  thoGG  advanced  by  Morgagni,  Boerbuave  and 
van  Swieten. 

»  Fr.  Th.  Frerichs,  Klinih  der  Leherkrankheitcn.  In  zwei  BSnden,  Braunschweig, 
lB6d.  Bcfer  to  Vol.  x.  p.  94  et  seq,  *  Der  verminderte  Verbrauch,  dux  geringeto  Umsatz 
der  Galle  im  Blute.' 
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verted  into  bile  pig^nents^  French's  observation  was,  however,  cor- 
rect that  in  certain  cases  of  jaundice  in  which  no  obstruction  caD, 
prima  facie,  be  detected,  the  bile  secretion  is  at  first  increased.  The 
pohjcholia^  which  he  described  as  resulting  from  certain  icterogenic 
agents,  is  a  precursory,  or  concomitant,  phenomenon,  but  not  the 
efficient  cause,  of  the  jaundice. 

*Doe8  a  IIcBniatogeniCt  its  distinguished  from  a   ffepatogenk, 
Jaundice  exist T 

Icterogenic  Poisonotis  Agents, 

Tiie  obBerva-  We  have  Stated  that  Frerichs,  from  tlie  experi.-' 

tionBofKOhno.  ments  which  he  had  made  with  Stadeler,.  was  led  to 
conchule  that  the  bile  acids  could  be  converted  into  bile  colouring 
matters  by  the  action  of  chemical  agents,  and  that  a  similar  con-^ 
version  occurred  in  the  economy  ;  the  latter  conclusion  was  drawee- 
from  the  fact  that  when  decolourized  bile  was  injected  into  th^ 
circulation,  the  urine,  subsequently  excreted,  contained  bilinibin  ^ 
In  a  remarkably  interesting  paper,  published  in  1858,  Kuhne',  whilsO 
confirming  the  accuracy  of  the  last  experiment,  pointed  out  that* 
the  salts  of  the  bile  acids  act  in  the  same  way  as  decolourized  bile^ 
and,  furtiier,  that  they  possess  the  power  of  dissolving  the  coloured 
blood  corpuscles.  He  was  led  to  conclude  that  the  bilirubin  ex^ — 
creted  in  the  urine  was  derived  not  from  bile  acids,  as  Frerichs 
had  supposed,  but  from  the  ha^moglnbin  thus  set  free  in  the  blood» 
an  explanation  which  appeared  plausible  enough  when  we  considex" 
that  the  rosearchos  of  Virchow  and  others  (see  p.  310)  hjul  already 
established  that  bilirubin  (h»ematoidin)  can  be,  and  actually  Is 
formed  from  the  blood  colouring  matter  when  this  is  locally 
extravasated.  In  pursuance  of  his  researches,  KUhne  injected  ^ 
soiutiou  of  the  blood  colouring  matter  into  the  circulation  of  dogs, 
but  found  that  the  unne  excreted  contained  hcemoglobin  or  its 
derivatives,  but  no  bile  colouring  matter.  If,  however,  a  very  small 
quantity  of  the  salt  of  a  bile  acid  were  injected  together  with  the 
soiutiou  of  oxy-ha;mogiobin,  bilirubin  was  excreted  in  the  urine. 

The  observations  of  KUbne  seemed  to  afford  a  new  explanation  {ot 
one  group  of  cases  of  jaundice  whiclt  bad  beou,  until  then,  explained 
by  the  old  theory  of  non-elimination  or  by  the  more  recent  hypothesis 
of  Freiichs.  The  cases  to  which  we  refer  are  particularly  those  iw 
which  jaundice,  or  at  least  the  elimination  of  bilirubin,  occurs  as  « 
consequence  of  the  action  of  meilieinal  or  poisonous  agents,  as  whe* 
chloroform  or  ether  are  iulroduced  into  the  blood,  or  when  an  aniiu^ 
is  poisoned  with   phosphorus  or  arseniuretted   hydrogen.     In  sono^ 

>  Frerichs  a.  Stadeler,  '  Ueb«r  die  Umwandlung  der  OaUenunres  in  FarbestoA 
Mallfir'8  Art-hixu  185fl,  pp.  56—61. 

^  Kuboe,  '  Ueitr&ge  zur  Lebre  voa  Icterufl,  eine  physiologL«ch>«hemiMh«  Unfc^' 
eachung. '    Virehow'fl  Archiv^  Vol  riv.  (18o8),  pp.  310—366. 
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of  these  cases,  the  agent  able  to  lead  to  the  elimination  of  bilinibin 
is  known  to  be  able  to  effect  a  disintegration  or  solution  o(  the  coloured 
"blood  corpuscles.  With  these  cases  of  jaundice  due  to  well-defined 
'toxic  agents,  it  was  natural  to  connect  the  cases  of  jaundice  occurring 
occasionally  in  connection  with  certain  animal  prisons,  as  that  of 
snake  bite :  with  certain  zymotic  diseases,  fiuch  fis  remittent  and 
intermittent  fevers :  or  in  connection  witli  acute  yellow  atrophy  of  the 
liver,  a  disease  presenting  a  remarkable  resemblance  in  its  phe- 
nomena to  slow  poisoning  by  phosphorus  and  some  other  agents. 

The  researches  of  Kuhoe  thus  rendered  it  probable  that  in 
addition  to  an  hepatogemc  }&\iud\cc,  there  might  exist  a  tuvinatogenic 
Jaundice,  perfectly  explicable  without  recourse  to  the  altogether 
untenable  hypothesis  that  normally  the  bile  colouring  matters  exist 
preformed  in  the  blood,  and  are  merely  excreted  by  the  liver. 
Captivating  though  the  new  theory  at  first  appeared,  the  progress  of 
research  has  shewn  it  to  be  incorrect,  and  has  forced  us  to  the  con- 
clusion, expressed  at  the  outset  of  this  chapter,  that  all  ea.se»  of 
jaundice  are  due  to  reabsorption  of  bile  already  formed  in,  and  by, 
the  liver. 

In  the  first  instance  came  a  series  of  researches  which,  indirectly, 
led  to  grave  doubts  being  entertained  whether  free  haemoglobin 
existing  in  the  bloo<l  is  converted  into  bilirubin.  Mas  Hermann' 
had  found  that  the  injection  of  water  into  the  blood  of  dogs  led  to 
the  excretion  of  bile  pigment  in  the  urine,  and  had  explained  the 
phenomena,  on  Kiihne's  hypothesis,  as  due  to  a  conversion  of  haemo- 
globin into  bilirubin,  independently  of  any  hepatic  action.  J.  Steiner', 
however,  on  repeating  these  experiments  with  rabbits,  was  only  able 
to  discover  bile  colouriug  matter  twice  in  twenty-four  experiments, 
the  exceptional  results  being  explained  by  Naunyn*  by  the  fact  tbat 
fasting  animals  excrete  bile  colouring  matter  in  the  urine. 

Krpcrimenu  Subsequently  Tarcbanoff*  injected  solutions  of  crys- 

of  Tarchajioff  tallised  oxy-hfpmoglobin  into  iho  jugular  vein  of  dogs, 
and  Voulns.  j^^^^^i  [jollecting  the  urine  as  it  Howed  through  cannulas 
tied  into  the  ureters  found  that,  for  about  two  hours  or  more,  after 
the  injection,  the  urine  contained  haemoglobin  in  solution,  but  no  trace 
of  bile  colouring  matter,  though  subsequently  the  latter  made  its 
appearance. 

Tarchanoff,  further,  found  that  when  oxy-hfiemoglobin  was  injected 
into  the  veins  of  dugs  with  biliary  fistulae,  the  quantity  of  bilirubin 

>  Max  Hermann,  *De  efleotn  sanguinis  dilnti  in  aeoretianem  urinae.'  Dissert. 
Inang.     Berolini,  1B59. 

>  J.  Steiner,  'Ueber  die  hamatogene  Bildung  dea  Gallonfarbstoffea.*  Archiv  /. 
Anat.  u.  Phyi.  1873,  p.  160. 

*  Naunyn,  *BeitriLge  znr  Lehre  von  loteros.*  Arehiv  f,  Anat.  u.  Phygiol.  1808, 
pp.  438—440. 

*  Job.  Fiirst  Tarchanoff.  'Ueber  die  Bildang  von  OiJIen pigment  auR  Blutfarbatoff 
im  Thiprkorper/  Tfliiger's  Archiv,  Vol.  ix.  (1874),  pp.  63 — 6fi;  'Zar  Kenntnise  der 
GallenfarbstoflbUdong.'    Ibid,  pp.  329—3^. 
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excreted  in  tlie  bilo  increased.  To  elucidate  the  latter  fact,  he  injected 
solutions  of  bilinibin  into  the  veins  of  dogs,  and  fouud  that  in  this 
case  also  the  anioiuit  of  bilirubin  excreted  in  the  bile  increased. 
From  these  researches,  TarchanoflP  was  led  to  support  the  theory  of 
the  possibility  of  the  origin  of  bilirubin  within  the  blood  itself,  at 
the  expense  uf  blo4jd  colouring  matter  set  free. 

Vo6siu8\  repeating  the  experiments  of  TarchanoflT,  confirmed  the 
statement  that  when  bilirubin  is  introduced  into  the  circulation,  the 
quantity  of  colouring  matter  excreted  in  the  bile  increases,  though 
he  was  unable  to  observe  this  increase  when  haemoglobin  vu 
injected.  The  thorough  investigation  of  Stadelmann"  on  this  subject 
thoroughly  confirmed,  however,  the  fact  that  not  only  does  the  bilirubio 
of  the  bile  incrca.se  when  bilirubin  is  introduced  into  the  blood,  but 
also  when  ha^mtighibin  is  injected  into  it  It  yet  remained,  bow- 
ever,  to  discover  whether  this  conversion  of  haemoglobin  into  bili- 
rubin occurs  in  the  blood  itself,  and  whether  the  process  con  go  oo 
independently  of  the  liver. 

BeBearches  -^"   ^'^^'O*   beautiful   investigations  on   the  action  of 

of  siadeimann,    toluyleudiamin,  [C,H^CH,)NH,)3]  and  of  arseniu retted 
Afanasaiew,        hydrogen*,  Ernst  Stadelmann  shewed  that  both  these 
Kinkowski and    ^g^uts  often  induce   hfcmoglobinuria  and  jaundice  in 
^^  the  lower  animals  and  that  this  jaundice,  which  is  at 

first  accompanied  by  an  increased  fiow  of  bile  (polycliolia),  and  after- 
wards by  a  diminished  flow  (acholia),  is  almost  certainly  of  hepatogenic 
origin*.  Subsequently  Afanassiew"  shewed  that,  under  the  influence 
of  the  poisons  employed  by  Stadelmann,  there  is  developed  inter- 
stitial hepatitis  as  well  as  glomerulo-nephritis,  and  Minkowski  and 
Naunyn  discovered  that  the  polycholia  which  follows  poisoning  with 
arseniuretted  hydrogen  "goes  hand  in  hand  with  the  appearance  of 
ceils  in  the  liver  which  enclose  numerous  blood  coi-pusclea  and  with 
the  transformation  of  the  hsemoglobin  which  these  cells  contaia 
Thus  bile  colouring  matter  is  formed  within  the  cells  which  enclose 
blood  corpuscles*". 

'  VoheIub,  (Quantitative  spcetralanatjftitehc  Bestimmung  dct  GallcnfarbttofftM  mdcr 
Catle.     GieBsen,  1879,     See  ftiKO  note  1.  p.  367. 

^  Dr  Ernst  tiUdclm&nn,  *  Zur  EeantsiBB  der  GftllenstoffbilduDg  *  (Adb  dfoi  Ilk 
der  nied.  Kliuik  in  EoiiiK»berg).  Archiv  /.  exp.  Pathvl.  u.  Pharmak.  Vol.  kv.  (lttl)i 
pp.  337— 3(JH. 

"  The  fact  tbai  jaundice  occurs  in  cases  of  poisoninR  by  srsenioietted  hTdrogOi  ifi 
man  had  been  long  known,  Naunyn,  in  experiments  of  which  the  results  wen  fitf 
published  in  SUidelmonn's  paper,  vas  the  firet  to  induce  ictcruB  in  the  lower  animk 
toy  the  inhalation  of  AsH,. 

*  Ernet  8t»dolmam),  *  Toluvlendiamin  and  seine  Wirkang  aaf  den  Thierkorpcr.' 
Archiv  /.  esp.  Fatholotjie  ujtd  Phamtak.  Vol.  xiv.  (1^81),  pp.  231—287  and  422 — 150; 
*Die  ArsenwasHerBtoffvergiftung,'  Ibid.   Vol.  xvi.  (JH83),  pp.  221 — 365. 

'  M.  Afauabsitiw,  *  Uebtr  die  pulbuEugij^ch-auatumiiicheu  VeriinderuD^eii  in  Vitotn 
uud  Leber  bei  einigen  mit  Hamoglobinurie  und  Icterus  verbundenen  VeTgifltmgen.' 
Virchow's  Jrc/irV,  Vol.  xcviii.  (ISti-i),  pp.  iC>0-50O. 

*  O,  Minkowski  und  6.  Naunyn,  *  Ueber  den  Icterus  durcb  Polycholie  ond  dit 
Torgange  in  der  Leber  bei  demgelben.'  Jrehiv  f.  exp,  Pathol,  u.  Pharmak.  Vol.  tu. 
(1884))*  pp.  1—33.  Kefer  to  Sect.  4,  *  Ueber  die  Vorgange  in  der  Leber  bei  dcf 
(Arsenwasaeratoff)  Polycholie  (p,  19—80). 
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TlM  oo&oln- 
iTe  expert- 
Dtnts  of  Kin- 
cowikl       and 


Stem*  had  shewn  thac  when,  in  doves,  all  the  blood- 
vessels going  to  the  liver  are  tied,  as  well  as  the  bile- 
ducts,  DO  bile  coluuriag  matter  accumulates  iu  the 
blood  and  tissues:  a  result  which  absolutely  proved  the 
incorrectness  of  Harley's  views  that  the  bile  colouring 
matter,  unlike  the  bile  acids,  is  not  formed  in, but  is  merely  excreted 
by  the  liver. 

In  doves,  however,  the  secretion  of  urine  is  completely  arrested  by 
the  ligature  of  all  the  vessels  supplying  the  liver,  whereas  in  ducks  and 
geese,  as  Minkowski  and  Naunyii  discovered,  the  secretion  continues 
ifter  the  operatiou.  Applying  the  method  rtrst  employed  by  Stern 
to  these  animals,  with  the  addition  that  the  liver  was  subsequently 
extirpated,  they  found  that  if  the  whole  of  the  liver  had  been 
lemoveil,  the  urine  remained  free  from 'biliary  constituents.  Having 
determined  that  normal  ducks  and  geese  after  the  inhalation  of 
apieaiuretted  hydrogen  excrete  bile  colouring  matters  in  the  urine, 
they  proceeded  to  expose  ducks  and  geese  from  which  they  had 
lemoved  the  liver  to  the  same  agent.  In  the  time  which  intervened 
between  the  poisoning  and  the  death  of  the  bird,  urine  was  excreted 
which  contained  hjenxoglobin,  but  which  was  free  frovi  bile  colourhvg 
mcUtei's.  They  thus  succeeded  iu  demonstrating  that  in  the  most 
i)T)ical  cases  of  supposed  haemotogenic  jaundice,  the  excretion  of 
bilirubin  is  necessarily  connected  with,  and  dependent  on,  the  liver. 

Iu  a  sense,  however,  these  cases  of  jaundice  induced  by  ictero- 
gebic  drugs  differ  from  the  ordinary  run  of  casea  of  jaundice,  in  that 
the  changes  induced  in  the  blood  are  probably  the  starting  point  of 
the  hepatic  changes  which  lead  to  the  subsequent  absorption  of  bile 
colouring  matters  and  which  are  the  cause  of  the  polycholia  which 
distinguishes  them  in  their  earlier  stages. 

As  was  previously  stated,  some  (Leydeu^  Bndd,  Harley)  who 
held  the  opinion  that  two  great  divisions  of  cases  of  jaundice  existed, 
believed  that  they  could  be  discriminated  one  from  the  other  by  de- 
l^rmiuing  whether  the  urine  contained  bile  acids  as  well  as  bile 
colouring  matters,  the  former  being  said  to  be  only  excreted  in  jaun- 
dice from  obstruction.  As  a  matter  of  fact  the  discovery  of  bile  acids 
*D  urine  docs  not  admit  of  being  sati^factorily  made  by  the  simple 
^iDploynient  of  Pettenkofer's  reaction,  and  the  scientific  proof  of  the 
ptesence  of  bile  acids  requires  operations  of  considerable  complexity. 
^utSta^lelmann*  has  conclusively  proved  that,  in  the  jaundice  occa- 
sioned by  icterogenic  drugs,  the  urine  often  contains  bile  acids  as  well 
**  colouring  matters,  whilst  Naunyn'  discovered  them  in  two  cases  of 

'  See  Dote  C.  p.  304. 

'  Hone  St«ni,  *  Beitrage  zar  Fatholof^ie  dcr  Leber  and  dee  Icterus.  1.  ITeber  die 
^oruude  Bildungastiitte  dos  Ualleufarbatoflea.'  Arehiv  f.  txp,  Fathot.  u.  Pimrmah. 
^^^  XII.  (1886).  pp.  39—59. 

*  Leaden,  BeitrHgt  zur  Pathologit  de$  Icteruf.     Berlin,  18C6. 

*  Stidelmann.  op,  cit.     Archiv  f.  exp.  Path.  u.  PlMrmak.  Vol.  xvt.  p.  221. 

'  K&onyD,  'Beitrage  zar  Lehira  vom  Icteran.*  Archiv  /.  Anat.  u.  Phyt,  1868, 
•  *8e  et  »eq. 
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pyaemic  jaundice  in  which  no  obstacle  to  the  flow  of  bile  into  tfae 
intestine  existed,  and 'in  which  the  liver  was  not  more  deeply  bLl^ 
stained  than  the  other  organs. 


Does  a  '  Urobilin  Jaundice '  ewist  ? 

It  has  long  been  known'  that  cases  of  jaundice  occasionally  occur 
in  which  the  urine,  though  of  dark  colour,  does  not  exhibit  Gmelin's 
reaction.     Somo  of  these  cases  are  to  be  explained  by  the  fact  that 
when  stained  with  bile  colouring  matter,  the  skin  retains  its  jaundiced 
tint  for  some  time ;  in  transitory  cases  of  jaundice  it  does  so  for  a 
considerable  time  after  the  liquor  sanguinis  and  urine  have  become 
free  from  bilirubin.    There  are,  however,  some  cases  of  slight  and  per- 
sistent jaundice  in  which  the  urine  does  not  exhibit  Gmelin's  reac- 
tion, but  contains  abnormal  quantities  of  urobilinoid  bodies'.     Thesd 
have  been  called  cases  of  *  Urobilin  icterus '  (Ictfere  hemaphe'ique  of 
Gubler  and  Dreyfuss-Brissac).     Quincke*,  who  has  investigated  thi« 
subject  carefully,  concludes  that  the  jaundiced  colour  of  the  skiD 
never  depends  upon  urobilin  (a  self-evident  proposition,  seeing  that 
urobilin  possesses  no  such  tinctorial  power  as  would  enable  it  to  sttin 
the  tissues),  but  that  the  urobilin  found  in  the  urine  in  these  cases  is 
due  to  a  transformation  in  the  urine  of  normal  bile  colouring  matter- 
On  examining  the  blood  serum  he  always  found  it  to  contain  bilirubin. 
According  to  Frerichs,  jaundiced  urine  occasionally  does  not  exhibit 
Gmelin's  reaction  when  6rst  passed,  but  does  so  aft-er  exposure  to 
air  (?K     Hence  he  surmised  the  existence  of  certain  chromogens.cou- 
verttble  by  oxidation  into  normal  bile  colouring  matters. 


Sect.  2,    The  Modifications  in  Chemical  Compositiox  wHicff 
THE  Bile  exhibits  in  Disease. 

Our  knowledge  of  the  changes  which  the  bile  undei:*goes  indisew*? 
is  remarkably  scanty ;  this  necessarily  follows  from  the  fact  that  ve 
have,  in  the  human  subject,  no  means  of  obtaining  the  sccrclioD 
during  life»  and  that  such  data  as  we  possess  are  almost  entirely 
derived  from  analyses  of  bile  obtained  post  mortem. 

TbeproMnce  In  discussing  the  action   of  icterogenic  poisoooul^ 

tn  tlu  bli*  of  agents  we  have  referred  to  the  fact  that,  in  the  fi»t 
instance,  these  agents  lead  to  the  setting  free  of  the 
oxy-heemoglobin  which  the  red  blood  corpuscles  con- 
tain. It  has  been  found  that  under  these  circumstances 
hEemoglobin   finds   its  way  into   the   bile.      Filehw 

*  Frerichs,  Klitiik  rf.  Ltfmrktaukhiiten^  Vol.  i.  p.  106. 
5  C.  Gerhftrdt,  *  Ueber  Urobilinurie.'     lF'»>«fr  med.  }Vochenischrift,  1677,  no.  24. 

*  H.  Qoincke,  BeitraKe  zor  Lehre  vom  Icterus.  4  •Ueber  den  sogenannten  Un>bUia- 
ict«n3B.'     Virchow'a  Archie,  Vol.  xcv.  (126—140). 

*  W.  Filehne,  '  Der  Uebergang  von  Blutfarbstoff  in  die  Oalle  bei  gewuMO  Veig^ 


oxy- haemoglo- 
bin and  Ita  de- 
rivatives : 
'  baemofflobi- 
nodioUa'. 
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who  gives  the  name  of  *  Hcenioglobinocholia'  to  this  coDdition,  has 
found  that  it  is  set  up  in  the  rabbit  when  this  animal  is  poisoned  by 
the  following  sub.stances:  phenylhydrazin,  tohiylendiamin,  the  deri- 
vatives of  aniliu,  p^TOgallol,  potassium  chlorate,  &c. 

VossiuB*  had  already  twice  observed  the  passage  of  hipmoglobin 
into  the  bile  of  the  doe  as  a  result  of  the  injection  of  water. 
Wertheimer  and  Meyer*  likewise  observed  the  passage  of  haemo- 
globin into  the  bile  of  dogs  when  these  animals  are  poisoned  by 
meaDS  of  anilin  and  toluidin,  a^  well  as  when  death  is  induced  by 
cooling  the  body.  It  would  appear,  however,  from  the  subsequent 
researches  of  the  authors,  that  the  phenomena  are  not  as  constant  in 

kii»e  dog  as  in  the  rabbit*.  The  elimination,  by  the  kidneys,  of  the 
hemoglobin  which  has  passed  into  sulutiou  in  the  lit[uor  sanguinis 
appears,  in  this  animal,  to  be  so  rapid  that  its  ditifusion  into  the  bile 
does  not  occur*.  Probably,  hiemoglobinocholia  will  be  found  to 
exist  in  pernicious  aummia  and  m  early  stages  of  acute  yellow 
atrophy. 

TiwprMence  In   hypenemia   of    the    liver    resulting    from    an 

Uu  m°^  ^    obstructed    venous    circulation,   albumin,    occasionally 

but  by  DO  means  always,  is  found  in  the  bile^     In 

Brigbt's  disease  and  in  some  cases  of  fatty  liver  (?),  and  sometimes 

*fter  injection  of  water  into  the  blood,  the  bile  is  said  to  contain 

*ibumia*. 

Theprewnco  The  bile  is  said  often  to  contain  large  quantities  of 

^•u«ar  In  tbe    gygj^^  j^  cases  of  diabetes.    According  to  Claude  Bernard 
the   injection  of  sugar  into   the   blood   leads   to  the 
^®oretion  of  a  saccharine  bile. 


Tbe  presence 
•^  urea  In  the 
Mi, 


Excess  of  urea  has  been  found  in  the  bile  after  death 
from  Brisht's  disease  and  cholera. 


The  presence  Leucine  and  t}Tosine  have  been  discovered  in  the 

^^leudne  and  |jj|g   ^^    patients   who   have   died    from    acute   yellow 

^y^oilne  In  tbe  ^        v      V  .i_      i- 

bn^  atrophy  oi  the  uver. 

**«igen  nnd  einigen  anderea  (blutschadigenden)  Eingrifton.*  Virchow*B  Arehiv,  Vol.  oxvn. 
U889),  p.  415—417. 

1  Adolf  Vo8«iU(t.  *BeHtimmnnKeD  des  GaUeufarbstoCTes  m  der  Qalle.'  Arehiv /.  txp. 
^athologie  u.  Pharmak.  Vol.  xi.  (1879)  426  H  «cy. 

■  E.  Wertheimer  and  E.  Meyer,  *De  VapparitioQ  de  roxyhimoglobine  dans  la  bile 
*t  de  qoclques  caractdrea  specttosoopiques  normaux  de  ce  liquide.'  Archivei  de  Phyaio- 
'«>ji>,  Juillet.  1889.  p.  438  ft  $eq. 

*  E.  Wertheimer  and  E.  Meyer,  *  Do  quelqnes  laits  nouveaux  r^latifs  bu  passage 
^  la  matidra  colorant*]  du  sang  daus  la  bile.*  Archives  de  Phyiiologie,  1  A%-ril,  IB^O, 
P.  4S5  et  teq, 

*  See  a  oritSoiBni  of  Wertheimer  and  Meyer's  firet  paper  by  Filehoe  in  a  second 
Pftpef  by  this  author  entitleil, '  I>er  CJelMjrgaug  ?om  Hamoglobin  in  die  Galle.'  Virchow's 
WrcMc/Vol.  CJ^^.  (181*0).  p.  Ofto. 

*  Freriohfi,  'Die  Stauungshypcriimie  der  Leber,'  Klinik  der  Lebcrkranhheiien,  Vol.  i. 
P.  373  and  873. 

«  Gantier.  Chimie  Biologique,    Paris,  1892,  p.  666. 
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The  absence  Cases  have  been  recorded  where  the  bile  found  ^^ 

of  bUe  colour-    the  gall  bladder  after  death  has  been  colourless.    Soina* 
lag      matters    q(  these   have  been   doubtless   cases  of  the  *  hydrops 
from  the  bue.     cystidis  felleje'  which  will  be  referred  to  below,  the  flaw/ 
found  ill  the  gall-bladder  being  a  secretion  of  its  mucous  membrane 
and  not  true  bile.     Ritter*  has  published  analyses  of  colourless,  or 
nearly  colourless,  bile,  in  which,  the  other  biliary  constituents  being 
present,  the  bile  colouring  matters  alone  were  absent,  or  nearly  so. 
In  certain  of  these  cases  there  was  fatty  degeneration  of  the  liver, 
though  absence  of  biliary  pigment  is  by  no  means  characteristic  of 
this  condition.    The  greatest  interest  attaches,  however,  to  the  obser- 
vations of  Noel  Paton  and  Balfour  who  found,  in  their  case  of  biliary 
fistula  (p.  275),  that  the  bile  always  became  markedly  paler  during 
pyrexia  and  on  several  occasions  was  quite  colourless.     When  the 
patient  was  suffering  from  acute  tousilitis,  the  bile  was  totally  des- 
titute of  colouring  matter.     'Throughout  the  course  of  the  feverish 
days,  in  the  early  morning,  when  the  temperature  was  lowest,  the 
bile  was  always  well  coloured,  and  it  was  towards  the  afternoon,  when 
the  temperature  rose,  that  the  diminution  in  the  pigment  was  to  bs 
observed '.' 


Summary  of 
tbe  cbaagcB 
observed  in  the 
bile,  claaalfied 
under  parti- 
cular diBeaaea. 


During  pyrexia,  the  quantity  of  bile  is  diminishod 
the  colouring  matter,  bm  above  Htateil,  may  dimiiiiiifa 
such  an  extent  that  the  liquid  ina}'  be  colourless '. 

Ifj  congentiou  of  the  liver  due  to  venous  obstruction,  ibe 
bile  sometime*,  though  not  invariably,  containa  albumin. 
in  iiitty  Uegeaeration  of  the  liver,  the  bile  has  be«u 
noticed  to  he  deficient  in  colouring  matter,  though  this  is  by  no  n)e*ii& 
always  the  case.  In  amyloid  degeneration  of  the  liver,  Hoppe-Seyler,  on 
one  occasioit,  found  ilie  bile  highly  pigmentod  and  containing  u  Urgo 
quantity  of  solid  muttera,  of  which  the  larger  part  was  insoluble  ui  Alco- 
hol*, In  aeuU.'  yullow  atrophy,  the  bile,  like  the  other  fluids  of  the  hAj, 
contains  leucine  and  tyrosine. 

lu  diabetes,  the  bile  contains  BUgar.  In  uraemia,  whether  dae  to 
affection  of  the  kidney's  or  to  cholera,  the  amount  of  urea  in  the  bile  is 
increased.  In  cholera,  the  mucous  membrane  of  the  gall  bladder  msyO^ 
may  not  l>e  affected.  In  the  latter  case,  tlic  gall  bhidder  contains  a  'rice- 
water  '  liquid,  i.e.  a  white  turbid  liquid  mixed  with  flakes  of  detai'M 
epithelium,  resembling  the  liquid  whleh  is  found  in  the  intestinal  canal 
In  the  farmer  case,  the  gall  bladder  contains  a  dark  coloured  and  very 
concentrated  bile,  concerning  which  it  iu  impossible  to  say  whether  it  i« 
Hecreted  in  the  condition  in  which  it  is  found,  or  whether  it  has  beco. 
concentrated  in  its  passage  along  the  biliary  duct8\ 


I 


1  RittGT,  CompUt  Rendiu,  Vol.  lxjut,  p.  81S.  and  Journal  de  VAnatoinU  et  Jtj* 
Phygiolutfie,  1872,  p.  181.  The  reader  may  alao  refer  to  a  paper  by  V.  Haaot  entitwL 
'Notice  pour  servir  4  I'histoirc  de  racholic'  CompUa  rendu*  de  la  SoeUU  de  btohf*'' 
1684,  pp.  41  aud  336. 

'  D.  Noel  Paton  and  J.  M.  Balfour,  op.  cit.     (Befer  to  p.  211). 

>  Noel  Paton  and  J.  M.  Balfuur.  op.  cit.,  {p.  211  and  212  refer  also  to  p. 

*  Hoppe-Seyler,  Phjtiohg.  Chemit,  p.  318. 

"  Hoppe-Seyler,  PJiyniolog.  Chcmie,  y.  316. 


I   The  Secretion  of  the  Gall-Bladder  in  so-calleu  Etdrops 
■  Cystidis  Felled. 

jf        In  the  records  of  cholecystotomy  a  large  number  of  cases  occur 

tin  which  the  gall-bladder  having  been  opened,  in  order  if  possible  to 
remove  a  calculus  obstructing  the  neck  of  the  bladder  or  the  biliary 
B  passages,  it  was  found  full  of  a  colourless,  generally  highly  viscous, 
liquid,  of  alkaline  reaction.  The  calculus  is,  in  these  cases,  very  fre- 
quently impacted  in  the  cystic  duct  and  acts  as  a  valve,  permitting  the 
expulsion  of  bile  from  the  gall-bladder  but  preventing  its  entrance. 
The  colourless  liquid  found  in  these  cases  is  not  a  decolourised  bile, 
but  the  secretion  of  the  mucous  membrane  of  gall-bladder.  When 
complete  occlusion  of  the  gall-blad*^ler  exists,  it  may  become  enor- 
mously distended  with  this  t!uid,ftiid  there  is  then  established  the  con- 
dition known  as  dropsy  of  the  gall-bladder,  or  hi/drups  cystidis  felleui. 
It  would  be  a  great  mistake  tu  suppose  that  the  mucous  secretion 
which  fills  the  gall-bladder  in  these  cases  represents,  either  qualita- 
tively or  quantitatively,  its  normal  secretion.  Frerichs,  Naunyn. 
aud  others  have  fouud  indeed  that  in  such  cases  the  epithelium  of 
the  gall-bladder  has  changed  in  character.  Referring  to  them, 
Naunyn  says,  "das  Epithelium  verliert  den  Character  des  Cyiinderepi- 
tbela,  Ich  fand  in  mehreren  Fallon,  statt  seiner,  einen  aus  viel 
grtisseren  kubischen  Zellen  bestehenden,  Epithelbelag,  Das  Gleiche 
Swden  Pittres  u,  A.  vor  mir\" 

Glisson'  aud  de  Graaf'  were  the  first  to  examine  the  fluid  under 
discussion,  though  the  first  chemical  analysis  of  it  was  published  by 
Frerichs*,  who,  in  one  case,  found  it  to  contain,  in  1000  parts,  982*7 
parts  of  water  and  17*3  parts  of  solid  matters.  The  organic  matters 
(mucin,  &c.)  amounted  to  IH'O,  the  alkalies  to  0*6  and  the  earths  to 
0*7  parts  for  1000.  In  some  cases  of  this  kind,  if  the  gall-bladder  be 
opened  and  a  fistula  established,  the  secretion  of  liouid  continues. 
Two  such  cases  have  been  observed  by  Mr  Mayo  Rociaon  of  Leeds. 
The  fluid  was,  iu  the  first  instance,  examined  by  Birch  and  Spong*. 
One  of  these  cases  was  afterwaixls  much  more  satisfactorily  investi- 
Lgftted  by  Mr  Mayo  Robson  himself  ^ 

■  The  case  was  that  of  a  woman,  aged  32  (weighing  48'6  kilos.), 
who  was  operated  on  in  January,  1884,  for  distended  gall-bladder  due 
to  gall-stonea  A  fistula  having  been  established,  a  constant  flow  of 
somewhat  viscid  liquid  was  set  up ;  this  was  itsauraed  to  be  the  un- 
mixed secretion  of  the  gall-bladder,  as  complete  occlusion  of  the 
cystic  duct  existed  and  as  no  trace  of  bile  could  be  detected  in  the 

1  D.  Nannyn,  KUmk  der  ChoUHthuvtu  p.  106.    Oompare  Also  Freriohs'  remArku 
(Klinik  d.  Leberkrankhfitm,  Bd.  ii.  p.  449). 
'  GUbbod,  Anatom.  Hepatis,  Cap.  39, 
'  de  Oraaf,  Tractatut  d^  »ucco  pancrratico,  Cap.  8. 

*  FrorichB,  Klinik  d.  Leberkrankheiten,  Bd.  n.  p.  449. 
°  Birch  and  Spoug,  Journal  of  Physiology,  Vol.  vm.  p.  878. 

•  Mayo  BobBon,  Proceedinga  of  the  Royal  Society,  Vol.  ilyu,  (1890),  pp.  499  et  teq, 
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secretion.     The  average  quantity  of  fluid  secreted  in  24  houre  wm 
found  to  be  71*3  ex.    The  following  are  the  results  of  the  obsen 
tions  made  on  April  29,  1884. 

Volume  of  secretion  in  24  hours  72  c.c. 

Sp.  gr.  1009-5 

Reaction.     Alkaline. 

Solid  matters  in  1000  parts     15'36 
Water   984*64 


Organic  matters,  chiefly  mucin,  in  1000  parts    6*72 

Ohlorideft  equal  to  NaCl  573 

Sodium  carbonate 2*20 

Other  salts,  containing  phosphates,  potassium  salts,  &c.  0*71 

In  accordance  with  the  opinion  already  expressed,  it  appeon^ 
however,  to  the  Author,  that  we  cannot  from  the  study  of  the  above 
and  similar  cases  form  any  accurate  idea  of  the  secretion  of  the 
normal  gall-bladder.  The  above  analysis  represents  the  charactcri 
of  the  liquid  found  in  typical  cases  of  hydrops  cystidis  feUeos  and  iw 
probably  the  product  of  a  mucous  membrane  of  which  the  secreting 
epithelium  no  longer  possessed  its  normal  characters. 

Empyema  of  As  a  result  of  an  infective  cholecystitis,  erapyeiai 

the  ffau-biad-    of  the  gall-bladder  has   been  observed,  i.e.  the  galJ- 
^^^  bladder    becomes   distended    with    a   purulent   fluid. 

Naunyn,   who  has  investigated  such  cases,  has  found  the  puruloQt 
fluid  to  contain  Bacterium  coli  comTiiuiieK 


Sect.  3.    The  Influence  of  Drugs  on  the  Secretxox  op 
Bile.    Cholagooues. 

In  discussing  the  action  of  so-called  icterogenic  poisonous  ageni 
we  incidentally  pointed  out  that  they  appear  to  le^id,  in  the  first 
instance,  to  an  increase  of  the  quantity  of  bile  secreted,  to  a  trae 
polycholia.  We  have  now  to  refer  briefly  to  researches  which  hate 
Deen  made  with  the  view  of  determining  whether  medicinal  agents 
exist  which  exert  a  direct  action  on  the  secretion  of  bile,  especially 
whether  drugs  exist  which  may  correctly  be  termed  hepatic  stimu- 
lants or  cholagogues.  The  fact  that  certain  drugs  when  administered 
to  man  induce  copious  bilious  stools  has,  from  time  immemorial,  been 
supposed  to  indicate  that  they  possess  a  truly  cholagogue  action,  but 
the  conclusion  is  one  which  cannot  logically  be  drawn  from 
premises. 

"The    clinical    observer,"   says   Professor   Rutherford,   to  wh( 
researches  we  owe  the  greater  part  of  our  knowleilffe  on  this  subject, 
"has  supplied  most  valuable  information  regardutg  the   power  cf 

^  B.  NauoyD,  *Pi»  mfectios«  Cbolecystitii  imd  d&s Empyem der  GaUenblaae^'J^'tM' 
rf.  ChoUltthiasis,  p.  lOB. 
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arious  substances  to  increase  the  amount  of  bile  in  the  dejections. 
ie  observes  dejections  of  a  clay  colour,  he  gives  five  grains  of 
alomel,  and  further  observes  that  in  some  cases  the  dejections 
hereafter  a.^iinie  their  natural  appearance.  He  cannot  be  certain 
'f  the  manner  in  which  this  result  is  brought  about.  For  anything 
le  knows,  it  might  be  occasioned  (1)  by  stimulation  of  the  hepatic 
ecreting  apparatus;  or  (2)  by  the  stimulation  of  the  muscular  fibres 
if  the  gall-bladder  and  larger  bile-ducts — to  mt — the  bile-expelling 
ipparatus;  or  (3)  by  removinc*  a  catarrhal  or  congested  state  of  the 
»ritice  of  the  common  bile-duct,  or  of  the  general  extent  of  the 
arger  bile-ducts ;  or  (4)  by  removing  from  the  intestine  substances 
«rhich  had  been  passing  therefrom  into  the  portal  vein  and  depressing 
ihe  action  of  the  hepatic  cells ;  or  (5)  by  stimulating  the  intestinal 
jlaods,  and  thus  producing  drainage  of  the  portal  system,  whereby 
the  'loaded '  liver  might  possibly  be  relieved ^ 

In  truth,  the  investigation  of  cbolagogues  is  one  of  the  most 
difficult  in  the  whole  range  of  phaimacology,  for  the  various  methods 
of  research  which  have  hitherto  been  employeil  are  all,  more  or  less, 
opeu  to  objections  which  compel  the  utmost  caution  in  drawing 
inferences  from  them,  and  have  led  to  the  most  contradictory  results. 

The  first  ob8er\'ation8  on  the  cholagogue  action  of  a  drug  had 
itfereoce  to  calomel  and  were  perfonned  on  dogs  with  biliary  fistulaj, 
"By  tills  method,  Nasse*,  Kolliker  and  Muller^  Scott*,  severally  made 
observations  ou  a  single  dog  with  reference  to  the  effect  of  calomel 
on  the  biliary  secretion.  Being  in  some  measure  contradictory,  the 
subject  was  in  1866  taken  up  by  a  committee,  of  which  the  late 
i*rofe88or  Hughes  Burnett  waa  chairman  and  reporter*.  Professor 
Arthur  Gamgee  and  the  Author  were  the  two  junior  members  of  the 
Committee  upon  whom  devolved  the  task  of  performing  the  experi- 
ments. The  investigation  was  laborious  and  lasted  two  years*."  The 
^^Dclusions  arrived  at  by  this  committee  were  that  calomel,  mercuric 
<JliJoriiJe  and  taraxacum  do  not  increase  the  flow  of  bile  but  probably 
*ctoii  the  bile  expelling  apparatus. 

"  In  1873  Riihrig^  observed  the  rate  of  biliary  flow  from  temporary 
Vistula)  in  tasting  curarised  dogs,  before  and  after  the  injection  of 
purgative  agents  into  the  stomach  or  intestine.  He  found  that  large 
tloees  of  croton  oil  greatly  increased  the  secretion  of  bile  and  that  a 

'  W.  Butberford,  *  An  £:ip&rimental  Researoh  on  the  Physiologicftl  Action  of  Drugs 
^the  Secretion  of  Bile.'  (From  the  Tntrua/'tiom  of  the  Royal  Society  of  Kilinhurgh, 
'ol  xxix^.     Edinburgh,  1879. 

'J.  ii.  Nasae,  *  Commentatio  de  bilis  qnotidie  a  cane  secrete  copia  et  indok.' 
nioted  by  Rutherford. 

*  KuUik«r  iind  MiiUer,  '  Beitrag  zur  Lehre  von  der  Galle.'  WUrzhurg.  Verhandlungen, 
oi.  V.  (1855).     Quoted  by  Buthorford.  p.  '231. 

*  ti,  Scott,  '  On  the  induence  of  mercurial  preparations  on  th«  secretion  of  bile.' 
eal«'8  Arehii^H  of  Medicine,  Vol.  I.  p.  209. 

»  Bntiah  .-iwocwttort  Rtportt,  1868. 

*  Kutherford,  op.  cU.  p.  136. 

*  Bdhrig,  '  ExpcrinieDtolk'  Untersachungen  iiber  die  Fhjsiologie  der  Oallenabion- 
fttng-'     Wiener  med.  Jakrlikher,  1873,  p.  240. 
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Biinilar  effect,  though  to  a  less  extent,  was  produced  by  colocmtli. 
jalap,  aloes,  rhubarb^  senna,  and  sulphate  of  magnesia — the  pt:>tex)CT 
of  these  agents  as  stimulants  of  the  liver  being  in  the  order 
mentioned.  He  found,  moreover,  that  castor  oil  had  little  effect 
and  that  calomel,  while  it  seldom  recalled  the  biliary  secretion  aft^r 
it  had  ceased,  nevertheless  somewhat  augmented  it  when  taking 
place  slowly.  Rohrig's  statement  with  regard  to  calomel  does  not 
differ  much  from  that  made  by  Hughes  Burnett's  committee,  hot 
nevertheless  hu  did  find  that  certain  ptirgative  agents,  when  given  ie 
fasting  animals  with  temporary  biliary  ftstulse  mcreaaed  the  bilian 
secrotion,  while  the  committee  found  that  in  non-fastinq  animals 
with  permanent  biliary  fistula  purgative  action,  induced  by  pcido- 
phyllin,  calomel,  &c.,  diminished  the  amount  of  bile  secreted  in  the 
tweoty-foui-  houra*." 

Rniherfbrd's  Subsequently*  Professor  Rutherford  resumed  the  iu- 

'••**'^"-  veatigatiou  of  this  subject  aud  in  1879  publishefi  the 

elaborate  memoir  already  referred  to.  In  his  researches,  like  Rohrig, 
he  determined  the  rate  of  flow  of  the  bile  from  temporary  fistula  b 
fasting  curarised  dogs.  It  is  impossible  t^  give  here  the  whole  of  the 
(fifty-four)  conclusions  at  which  Professor  Rutherford  arrived,  but  the 
following  brief  summary  comprises  his  most  interesting  results:  dnigs 
appear  undoubtedly  to  exist  which  may  be  called  hepatic  stimulants, 
in  so  far  that  they  increase  the  How  of  bile  in  the  unit  of  time,  and  <i 
these  some  exert  a  powerful  and  some  only  a  feeble  stimulant  actioL 
Of  these  drugs,  some  are  not  only  cholagogue  but  exert  a  more  or  le» 
powerful  stimulant  action  on  the  intestinal  glands,  while  others  hv^ 
no  action  on  the  latter.  The  following  well-known  drugs  are  placed 
by  Rutherford  amongst  the  powerful  hepatic  stimulants  : 

Sodium  phosphate  (i.  s.). 
Mercuric  chloride. 
Ipecacuanha, 
Colchicum  (i.  s.). 
Jalap  (L  B.). 
Aloes. 

Colocynth  (i.  a). 
Sodium  benzoate. 
Sodium  salicylate. 

The  drugs  in  the  above  list  to  which  the  letters  (i.  s.)  are 
appended,  are  powerful  intestinal  as  well  as  hepatic  stimolantfc 
Ipecacuanha  as  well  as  sodium  benzoate  and  salicylate  are  example? 
of  hepatic  stimulauts  almost  without  action  ou  the  intestinal  glaims 

The  following  well-kuown  drugs  are  hepatic  stimulauts,  tbougb 
their  action  is  much  feebler  than  those  first  referred  to : 


Rhubarb. 

Acid,  uitro-hydrochl.  dil. 

>  Rutherford,  &p,  cit.  p.  136. 
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Calomel,  according  to  Rutherforrl,  stimulates  the  intestinal  glands 
but  not  the  liver,  whilst  mercuric  chloride  is  a  powerful  hepatic 
stimulant  exertinj'  but  little  action  on  the  intestine.  The  latter 
statement  must  be  held  to  apply  to  medicinal  doses,  as  in  poisonous 
doses  corrosive  sublimate,  as  is  well  known  to  the  toxicologist,  is  one 
of  the  most  powerful  of  intestinal  irritant  poisons. 

"Purgation  produced  by  purely  intestinal  stimulants,  such  aa 
magoesium  sulphate,  gamboge  and  caator  oil,  diminishes  the  secretion 
of  bila'*  "  When  a  substance — e.g.  podophyllin — which  powerfully 
idmulates  the  intestine  as  well  as  the  liver,  is  given  in  too  large  a 
dose,  the  bile-secretion  may  never  be  increased,  and  though  it  should 
be  increased  in  the  tirst  instance,  it  is  soon  diminished  aa  the 
eicitement  of  the  intestinal  mucous  membrane  extends  downwards 
4ii(!  implicates  a  larger  and  larger  number  of  glands*."  Amongst  the 
results  which  Rutherford  obtained  is  to  be  mentioned  that  he  found 
that  bile,  in  sufficient  doses,  exerted  a  cholagogue  action. 

'^^^fgh^"  Since  the  publication  of  Prof.  Rutherford's  researches, 

Jjjj^"*  **  the  action  of  cholagogues  has  been  investigated  anew 
RttXhOTford.  *^^*^  ^^^  *^^  ^^  animals  and  human  beings  Avith  per- 
manent biliary  fistula?.  For  the  most  part,  these  results 
have  led  to  the  denial  that  any  tnie  cholagogues  exist.  Amongst 
^huR',  however,  who  have  obtained  positive  cholagogue  results  is 
R'w.iiberg',  who  experimenting  on  two  dogs  with  permanent  biliary 
^tulffi  found  tliat  olive  oil,  bile,  and  sodium  salicylate  exert  a  truly 
cholagogue  action. 

From  the  observations  of  Battistini'  on  two  dogs  with  permanent 
miliary  tistuhe,  it  results  that  santonin  is  a  cholagogue  of  very 
*^^cided  activity,  and  his  results  have  been  confirmed  by  Marfori*. 

With  the  exception  lif  the  observations  just  referred  to  nearly  all 
J^thers  performed  since  the  publication  of  Rutherford's  researches  Lave 
1*^  to  negative  results.  Thus  Baldi^  in  the  case  of  two  dogs  with 
?U.iary  fistulse  found  that,  with  the  exception  of  bile  itself,  no  agent 
^^Iroduced  into  the  stomach  or  intestine  affected  the  secretion  of 
^Ue.  Mayo  Robson'  performed  a  series  of  experiments  in  his  case  of 
*^iliary  fistula  (p.  275)  in  the  human  subject  which  seemed  to  shew 
^hftt  none  of  the  reputed  cholagogues  exerted  any  action  whatever, 

1  Ratherford.  op,  eit.  p.  250. 

'  J.  Kosenberg,  *  Ueber  die  cholsf^oge  Wirkang  des  OUvendls  in  Verffleioh  *a  der 
WirkuDg  einiger  anderen  cholagogen  Miltel.'  PflUger's  Arthu\  Vol  xlti.  (1889), 
pp.  334— 3G6. 

*  Etattutini,  *  Ein^iuu  des  Suntonins  auf  die  Gallenauescheidung.'  Vnterguch.  mr 
^aturUhre  von  MoUnehott,  Vol.  xiu.  pp.  41-4 — 431.  Abstracttid  in  Maly'a  Jakresberieht^ 
Vol.  XT.  (1««6),  p.  31»>. 

*  M&rfori.  *  SulU  pretesa  azione  colagoga  deUa  Santonina.*  A  nyiali  di  Chimica  e  di 
fftrirutcfloijia.  Ser.  4,  Vol.  x.  p.  153.  Abstracted  in  Maly's  Jahr^gbericht,  Vol.  ixx. 
[IHitO).  p.  289. 

^  Dario  iialdi.  *Becherch«9  exp^rimen tales  sar  la  marobe  de  la  s^rStion  bilijure.' 
ArcfiirfM  italiennen  de  BiologU^  1883,  p.  389. 

"  Majro  BobsoD,  op.  ci(.  Proceeding*   of  th€  Royal  Society^   Vol.   XLvn.    (1390), 
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and  Paschkis'  and  Niasen'  experimenting  on  dogs  with  bili&rvii«taL{' 
obtained  negative  results  with  all  cholagogues,  ute  bile  alone  e^ept^ 
Besides  Nissen,  Mandelstamin*,  Miiller'',  Loewenton*  and  Glass*  bave, 
in  Dorpat  under  E.  Stadelmann*s  direction,  delemiine<l  the  action  of 
various  medicinal  agents  on  the  biliary  secretion  of  dogs  with  coi 
plete  fistula*  and  consuming  a  constant  quantity  of  water  and  ml 
food.  Their  results  are  opposed  to  those  of  Rutherford  and  tend 
negative  the  existence  of  any  drugs  exerting  an  action  as  hepi 
stimulants.  All  these  negative  results  notwithstanding,  we'  are  not  ' 
of  the  opinion  that  the  experiments  of  Rohrig  and  of  Rutherford  are 
necesmrily  incorrect,  because  investigations  performed  by  a  differeut 
method  have  led  to  contradictory  results.  It  has  already  been  poiuted 
out  that  all  facts  combine  to  prove  the  existence  of  the  so-callfti 
circulation  of  the  bile  and  it  therefore  follows  that  a  man  or  ao 
animal  from  whose  alimentary  canal  all  bile  is  diverted,  by  means  of 
a  biliary  iistula,  is  so  far  removed  from  the  normal  condition  that 
pharmacological  experiments  of  the  nature  of  those  we  are  discussing 
cannot  be  held  to  be  quite  conclusive. 

Id  the  present  condition  of  the  question,  it  appeal's  to  the  Author 
to  be  desirable  that  a  renewed  investigation  of  the  subject  be  carried 
out,  with  the  aid  of  dogs  with  Schiffs  amphibolic  biliar}*  fistuJae.  The 
results  obtained  in  this  way  would  be  free  from  most  of  the  obj  ~ 
tions  which  can  be  advanced  against  observations  carried  out  eiti 
by  the  method  of  Rohrig  and  of  Rutherford,  or  on  dogs  or  humaxi 
beings  with  permanent  fistulfe  of  the  ordinary  kind. 

Sect.  4.    The  Elimination  of  Medicinal  and  Poisonous 

AGENTS  in  the  BiLE. 


It  was  Orfila,  the  founder  of  modem  toxicology,  who  dirorte 
attention  to  the  fact  that  the  majority  of  metallic  poisons  are  taken 

'  H.  Paschkis,  'Ueber  CbolaRoga.'  Med.  JahrbUetmr,  1884,  p.  169.  Quoted  fa? 
Kcumeister.  , 

^  W.  Nissco,  '  ExperimcnteUe  Untfiniuohungen  fiber  den  Einflufti  von  Alk&Ueo  to' 
Bekretion  nnd  Zufianimensetsung  der  O&Lle.*  Dorpftt.  DiM.  Inaug.  1889.  Uily'> 
Jahrenbericht,  18SK).  p.  280. 

^  MandelHtamni,  *  Ueber  den  EinSoftftemiger  Ar7:nelinittelanr  Secretion  und  ZosuD- 
menaetzuug  der  Galle.'     Inauft.  DUs.     Dori>Qt.  1690. 

*  Muller,  *  Ueber  den  Einfiuas  ciniger  pbarm&kologisoher  Uittel  anf  S«oretioD  oaA 
ZQBammeuBeczang  der  Gallc/    Inaug.  I>isa.    Dorpat.  1890. 

^  A.  Loewenton,  '  Experimentelle  Untersuchungen  uber  den  Einfluss  einiger  Abfoht- 
tnittel  and  der  Clyaniata  auf  Secretion  und  ZuaammenBetzung  der  Oalle,  aowie  dtfcs 
Wirkung  bei  QallenabweBcnheit  im  Darme.'    Inaug.  DUn.    Dorpat,  1891. 

"  J.  GlAflfl,  'Ueber  den  Einfluaft  einiger  Natronftaize  anf  Secretion  and  Alkiliv* 
gehalt  der  Galle.'  Inaug.  DUn.  Dorpat,  1892,  and  Archiv  f.  exp.  Path,  u.  Pkamik. 
Vol.  XXX.  (1892),  pp.  241—274. 

'  'Aeltere  Beobaohter,  wie  lUilirig  and  Batberford.  schetnen  siob  in  diiM 
Beaiehung  getiiascht  zu  haben.  Aus  einer  Beibe  neaerer  Untentuohangen  htl  vi^ 
ergeben,  a&u  togenannte  Cholagoga  nioht  existiren,  weun  man  nicht  gowiwe  Galln- 
bestaodtheile  8«lb«t  aU  lolohe  bezeioboea  wLlL'  Neumeister,  L«Ar6iieA  dir  fkpK, 
Chanie.    Jena,  1893,  p.  156. 
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Up  by  the  liver  aod  either  retained  by  that  organ  or  excreted  in  the 
bile,  so  that  in  the  investigation  of  cases  of  poisoning  by  arsenic, 
antimony,  mercury,  copper,  lead  and  zinc,  the  examination  of  the 
liver  is  of  particular  importance.  Copper,  in  particular,  has  been 
found  to  be  an  almost  constant,  though  doubtless  an  adventitious, 
constituent  of  liver  and  the  bile,  and  its  presence  is  to  be  accounted 
for  by  the  fact  that  the  fooil  of  man,  especially  the  vegetable  food. 
always  contains  traces  of  copper'.  EUenberger  and  Hofmeister  found 
0'02  and  0  04  per  cent,  of  CuO  in  the  bile  of  the  sheep^  Zinc  has 
also  been  frequently  found  in  the  liver  and  tissues  of  human  beings 
and  animals^ 

Claude  Bernard  found  that  sulphate  of  copper,  iodide  of  potas- 
sium, spirit  of  turpentme  and  grape  sugar,  when  injected  into  the 
blood,  rapidly  pass  into  the  bile.  Amongst  other  substances  which 
are  excreted  in  the  bile  are:  potassium  chlorate  (Provost  and  Binet*); 
salicyhc  acid.  Diakonow*  shewed  that  when  indigo-carmin  is  in- 
jected into  the  jugular  vein  of  the  rabbit,  after  the  method  of 
Chroutschewsky*,  as  well  as  when  it  is  injected  subcutaneously 
or  introduced  into  the  stomach,  it  is  rapidly  excreted  in  the  bile. 
Peipcr'  made  the  interesting  observation  that  in  dogs  with  perma- 
nent biliary  fistula;,  when  iodide  of  potassium  was  iutroduced  in 
large  doses  (5  grms)  into  the  rectum,  it  could  only  be  detected 
in  the  bile  5  or  (i  hours  after  the  injection.  Sodium  salicylate 
was  found  within  half  an  hour.  Sulphocyanide  of  potassium  also 
passed  into  the  bile,  but  neither  potassium  ferrocyanide  nor  ferri- 
cyanide. 

Wertheimer"  has  shewn  that  the  so^lium  compound  of  phyllocyanic 
acid,  which  is  an  immediate  derivative  of  chlorophyll-green,  when 
introduced  into  the  blood,  is  rapidly  excreted  by  the  bile.  Amongst 
substances  which  are  not  excreted  in  the  bile  may  be  mentioned 

^  The  reader  »  referred  to  the  exceedingly  complete  and  intereating  Monograph  by 
Dr  A.  Tsdiirch,  ProfeHAor  of  PharmacoKnoay,  Pharmftcy  and  Toxicology  in  the 
University  of  Bern,  entitled  Ihu  Kupfer  vum  Stfindpuukle  tier  gerichtlichfn  ChemU^ 
ToxicuUnjie  nmi  Uyyienf.  Stuttgart.  Verlag  Ton  Ferdinand  Euke,  1B93,  pp.  138.  In 
thift  work  will  be  found  inf^r  alia  a  complete  account  of  the  literatore  relating  to  the 
difltributtou  of  co{)per  throughout  the  animal  and  vegetable  kingdom. 

'  EUenberger  and  Hofnieinter,  Archiv  f.  wineMch,  u,  prakt,  Thierheilkunde, 
1883.  p.  325.    Quoted  by  Tschirch.  op.  fir.  p.  19. 

^  G.  Lechartier  and  F.  Uellaniy.  '  Sur  la  presence  du  zino  dans  te  oorp«  den  animaux 
et  dana  les  r^^taux.'  Compter  lienduM,  Vol.  lxxziv.  p.  t>87.  F.  Kaoult  and  U.  Breton. 
*  Sor  la  pr^cnce  ordinaire  du  cuivru  et  du  zinc  dann  U  corps  de  rhomme.'  Comptea 
RtndM,  Vol.  T.xxxv.  p.  40. 

'  Pr£vo8t  and  Binet,  'Kecberches  exp^rimentaleH  relatives  k  Taction  dee  medica- 
ments 8ur  la  B^-cr^tion  biliaire  et  k  leur  i^limination  par  cette  a^crStion.'  Revue  m£di' 
edit  de  la  SuU»f  romattdif.     No.  520,  Mai,  1888. 

*  Diakonow,  *  Ueber  daa  Verbalten  der  Indigo wh we felaaure  im  thierisohen  Organ- 
iamofl.'     Uoppe-Seyler's  iUtd.-ckem.  Untemuchunj/en,  Berlin,  1866,  pp.  315—254. 

*  ChrontBohewalqr,  Virchow's  ^rc^ir,  1600. 

'  E.  Peiper,  *  Uebergang  von  Arzneimitteln  aue  dem  Blute  in  die  Galle  nach 
Besnrption  voo  der  HaBtdarmschleimhaut  au8.'  Zeitschrift  /.  klhu  Med,  Vol.  iv. 
(IB-VJl,  p.  402  tt  sfq. 

*  M.  E.  Wertheuuer.  *  Sor  r^UmlDation  par  le  foie  de  la  mati^ra  oolorante  verte  des 
v^g^toux.'    Archive*  de  Phytiohffie,  Jan.  1893»  pp.  134—130. 
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the  follo\ring:  alcohol  (Mosler) :  atropia,  inuscarin,  strychia  (Pr^vort 
and  Binet):  kairin  and  aufcipyrin  (Prevost  and  Binet). 


Ptissage  of  pathogenic  mic7'0'Organis7}is  into  the  bile. 

The  normal  bile  is  sterile  (Gilbert  et  Girode)*.  "At  a  lime 
when  every  drop  of  the  circulating  blood  is  teeming  with  micn>" 
organisms  there  may  not  be  the  slightest  transit  of  them  into  the 
urinary  and  biliary  fluids  then  secreted"  (Sherrington*).  On  the 
other  hand,  as  the  researches  of  a  number  of  observers  have  conclu- 
sively proved,  when  pathogenic  organisms  exist  in  the  blood  they 
tend,  after  a  time»  to  pass  into  the  bile  and  urine,  'and  their  escape 
into  the  secreta  is  sometimes  accompanied  by  the  escape  of  aciuaJ 
blood/  sometimes  by  the  appearance  of  albumin,  although  blood  be 
absent.  Sherrington  is  of  the  opinion  that  in  the  normal  cornlitioa 
of  the  hepatic  and  renal  membranes,  a  passage  of  micro-organismi 
through  them  cannot  occur,  and  that  it  is  in  all  probability  only  after 
the  soluble  poisons  produced  by  the  infection  liave  had  time  to  aci 
upon  them  that  the  membranes  become  pervious  to  germs^ 

The  fulluvving  micro-organisms  have  been  found  to  make  their 
way  into  the  bile  : — the  bacillus  of  glanders,  B.  mallei  (Ferrarcsi  and 
Guarnieri):  the  bfucillus  of  typhoid  fever,  B.  typhi  abdominalis  (Tnm- 
busti  and  MaflTucci):  the  spirillum  of  cholera,  B,  cholerm  osioltciB. 
(Nicati) :  B.  coli  commune  (Blachstein):  the  bacillus  of  anthrax,  A 
anthracis  (Oemler,  Straus  and  Chamberland,  Sherrington):  Staph}/- 
lococcits  pyogenes  aurefis  (Pemice  and  Scagliosi) :  jd.  pyocynneyti 
(Pemice  and  Sciiclio.si,  Sherrington) :  Friediander's  pnet/mocuocM 
(Pernice  and  Alessi,  Sherriogton):  B,  nimisepiicua  (Sherrington)'. 

>  Gilbert  et  Oirode.  Compte*  Itendiu  de  la  SocUH  de  Biologit,  1890.  No.  89,  tt^ 
1691,  No.  11. 

-  C.  S.  SherriDRton.     'Experiments  od  the  escape  of  bacteris  with  the  secraliaH.' 
Reprinted  from  Thf  Journal  of  Pathology  and  Bacteriology.     Edinburgh  and 
Young  J.  Penlland,  Feb.  1898. 

'  The  references  to  all  the  autboritiea  here  referred  to  will  be  found  either  in 
Hngtoa'a  paper  or  at  page  47  of  Naunjc's  Klinik  der  ChoUlithiatiis,     Leipzig,  iSt 
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women  dying  in  the  great  hospital  of  La  Salp^triere,  concretioxM 
have  been  found  in  the  gall-bladaer\ 

The  number  of  calculi  which  are  found  in  the  gall-bladder  varie? 
greatly.     Occasionally,   though   rarely,  a   single   calculus   is  found. 
though  more  commonly  the  number  varies  between  5  and  30.    As 
many  as  3000  calculi  were  found  in  one  gall-bladder  by  Morgagu', 
and  7802  by  Otto  (Breslau  Museum). 

PhystoaJ  However   few  or  numerous  the  calculi   cont^ud 

^aract«ra   of     [^  g^  gall-bladder,  usually  they  all   possess  the  same 
'     *"'*         chemical   composition,  the  same  structure,   the  same 
volume,  the  same  colour.     Exceptions  to  this  rule  are  rare. 

The  size  of  biliary  calculi  varies  greatly,  the  average  being  abt>ut 
the  size  of  a  hazel-nut.  Meckel  described  n  biliary  calculus  which 
was  lo  centimetres  long  and  6  broad,  an<l  which  only  weighed 
80-3  grms. 

When  biliary  calculi  occur  singly  they  are  rounded  or  ovoii 
When  they  attain  a  very  large  size  they  are  p\Tiform,  as  they  mould 
themselves  to  the  shape  of  the  cavity  in  which  they  are  fonned. 
Multiple  calculi  usually  exhibit  facets.  These  facets  are  produced 
by  the  mutual  pressure  of  the  concretions  one  against  the  other 
whilst  these  are  of  yet  soft  consistence*  and  not  by  a  process  ff 
attrition. 

The  colour  of  biliary  calculi  presents  great  varieties.  Th(i*e 
which  are  composed  of  nearly  pure  cholest«rin  are  throughout  white 
and  sometimes  transparent.  Others,  which  are  also  composed  of 
cholesterin,  possess  a  more  or  less  coloured  and  opaque  exterior, 
which  is  sometimes  yellow  and  sometimes  greenish.  The  colour 
depends  especially  on  the  presence  of  particular  stages  of  oxidation  of 
the  biliary  colouring  matters. 

Biliary  calculi  have  a  very  low  specific  gravity,  which  is,  however, 
always  higher  than  that  of  water  or  bile.  Soemmering  and  some 
other  authors  have  fallen  into  error  in  asserting  that  biliary  calculi 
occasionally  float  in  water  and  bile.  When  recent,  biliary  calcoli 
always  sink  in  these  liquids.  Sometimes,  however,  biliary  calculi 
are  found  in  museums  which,  having  become  dry,  float.  If  these  are. 
however,  plunged  in  water  or  bile  for  some  time,  bubbles  of  air  w* 
seen  to  rise  and  the  calculus,  acquiring  its  original  density,  sinks  to 
the  bottom  of  the  liquid. 

Btructoro  of  "As  a  rule,  biliary  calculi   present  (1)  a  cectral 

g&u-itoxiM.         nucleus:  (2)  a  middle  zone,  which  is  in  general  com- 
posed of  multiple  concentric  lamellse,  formed  by  radiating  crystallifl* 

*  Cbuflot.  '  Lo^'ona  but  les  Maladies  du  Pole  et  des  IWius  fait«a  &  U  Fftculti  ^ 
M^deoine  de  i'arin.*  Reoueillieii  et  publi^efl  par  Bourueville  et  Seveetre.  B^dftci«t||* 
do  Progrtt  Medical,  Paris,  1877.  The  Author  hae,  in  bin  descriptions  of  calculi.  io*j« 
great  use  of  the  laTg«  »itores  of  information  oontaiued  iu  the  lectures  devoted  V>  ^ 
subject  of  biliuy  lithiasis. 
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toyramidal  masses  of  cholesterin :  (3)  a  laminated  external  layer  or 

*'  The  nucleus  commonly  presents  a  brownish-black  or  greenish 
iDoloiir,  and  is  usually  formed  of  a  combination  of  biliary  pigments 
TRfith  calcium.  The  nucleus  is  sometimes  solid,  sometimes  hollowed 
as  a  result  of  a  process  of  desiccation,  in  which  case  a  more  or  lesti 
subdivided  cavity  exists.  Sometimes,  the  nucleus  contains  concrete 
mucus  (Ch.  Robin,  Frerichs),  or  shrivelled  epithelial  cells  (Frerichs). 
Fiually,  the  nucleus  has  sometimes,  though  very  rarely,  been  found 
,to  contain  foreign  bodies,  the  existence  of  which  Cruveilheir  in- 
correctly denied.  In  the  famous  often-quoted  case  of  Lobstein, 
which  he  figured  in  the  Atlas  accompanying  his  Traitd  d'Aiiatomie 
Palholofjifiue,  n  desiccated  Ascaris  lumbricoides  formed  the  nucleus 
of  the  calculus.  In  the  subject  which  furnished  this  calculus,  thirty 
other  ascarides  were  found  in  the  biliarj'  passages. 
'  "  As  examples  of  foreign  bodies  constituting  the  nuclei  of  biliary 
calculi  may  be  cited  the  following  : — (1)  the  case  of  Nauckc,  in  which 
a  needle  two  centimetres  long  formed  the  centre  of  a  biliai-y  con- 
cretion of  the  size  of  a  walnut;  (2)  the  case  recorded  by  Buisson, 
in  which  the  centre  of  the  nucleus  consisted  of  a  small  aggregation 
of  blood ;  (3)  a  case  recorded  by  the  aame  observer,  in  which  the 
nucleus  of  a  biliary  calculus  in  an  ox  was  formed  by  a  Distonia 
hepaticum;  (4)  I  would  remind  you  of  the  fact  that  Thudichum  has 
found  the  nuclei  of  a  certain  number  of  biliary  calculi  obtained  from 
the  same  gall-bladder  to  be  formed  of  branching  filaments,  evidently 
representing  moulds  of  the  interior  of  small  intra-heimtic  biliary 
ducts  and  which  appear  to  have  played  the  part  of  centres  of 
formation  of  the  concretious\ 

"  Little  remains  to  be  said  concerning  the  Rtrncture  of  the  middle 
layer  of  gall-stones.  This  layer  is  nsrtally,  as  has  been  previously 
stated^  composed  of  crystals  of  cholesterin  and  presents  n  radiated 
aspect.  Sometimes  the  radiations  are  interrupted  by  concentric 
striib  or  layers  which  cut  the  crystalline  pyramids  perpendicularly 
to  their  long  axis.  The  middle  layer  is  either  quite  white  or  trans- 
parent or,  on  the  contrary,  more  or  less  coloured.  In  the  latter  case, 
the  biliary  pignjent  has  intermingled  in  varying  proportions  with  the 
cholesterin,  w'hich  in  the  former  case  was  free  from  it.  Rarely,  the 
middle  layer,  though  composed  of  cholesterin,  presents  a  soapy 
uniform  aspect,  without  stratification  and  without  any  evidence  of 
crystalline  structure. 

"The  laminated  external  shell  is  observed  in  the  larger  number 
of  cases.     Yet,  as  has  been  stated,  it  is  sometimes  absent.     In  such 

>  The  aocaraoj  of  this  obserration  is  denied  by  NaUDjn,  'Thudichuni  hat  behauptet. 
daas  Bich  in  dem  Centrum  Jer  meiaten  Blasongallcnsteine  Abgiistib  \ou  Lcber^allen- 
gangen  fiindeD.  Er  mt'iute,  daes  dieee  GaUengaugsoTUnder  gewohnlich  den  Kr}-etalli- 
BAtioDBkem  fUr  die  GallenUasenconcremente  bi1det«n.  Koch  den  Abbildungcu,  die 
Tbadiohum  vod  Belneu  Galloi^cangHcvliudeiu  giebt,  kaaa  ich  nar  »ageD,  dasB  ich  sie 
I  nia  gaaahen  habe. '    Klimk  d.  ChoUlithiatit,  p.  40.  - 
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cases,  the  bases  of  the  crystalline  pyramids  project  to  the  ve 
external  surface  as  mammillated  protuberances.  When  an  external 
layer  exists,  it  is  almost  always  very  clearly  distinguished  from  tbe 
middle  zone,  by  its  colour,  its  stratified  appearance,  and  its  con- 
sistence. It  is  sometimes  composed  of  cholesterin  arranged  iu  tbiu 
layers,  which,  when  seen  in  section,  appear  to  be  separated  by  s  \ 
of  biliary  pigment.  In  other  ca:ses,  the  external  layer  is  due  to  lh« 
compound  of  biliary  pigment  and  calcium  forming  one  or  several 
layers  of  greater  or  less  thickness  and  possessed  of  a  brown  or  green 
colour.  Finally,  the  external  layer  may  present  strata  of  calcium 
carbonate  separated  by  pigmentary  deposits  ^" 

Katmyn'B  Naunyii,  in  his  mouograph  on  cholelithiasis,  adopts 

dftsBiflcation       the  following  classiHcation  of  biliary  calculi:  (1)  pare 
cholesterin    calculi:    (2)  stratified  cholesterin  calculi; 
(3)  the   common  biliary  calculi,  that   is   the  usually 
yellow  or  whitish-brown  calculi  which   are   found   in   considerable 
numbers   in    the    gall-bladder,  which  commonly   are  facetted  and 
are  often  of  a  soft  or  friable  consistence,  when  first  obtained :  (4)  tbe 
mixed  biliruhin-calcinm  calculi,  which  occur  singly  or  to  the  number 
of  two  or  three  in  the  gall-bladder  or  the  large  biliary  passages  ana 
which  when  multiple  may  present  facets.     They  are  either  composed 
entirely  of  a  reddish-brown  or  dark-brown  mass,  or  they  possess  a 
central,  laminated,  cholestiTin  nucleus.    Even  those  parts  of  the  stonC 
which  appear  to  consist  almost  entirely  of  bilirubin  contain  as  much 
as  25  per  cent,  of  cholesterin:    (5)  pure   bilirubin-calcium  stones. 
These  are  never  large,  varying  from  the  size  of  grains  of  sand  to  lluit 
of  peas.    For  the  most  part,  thoy  have;  the  consistence  of  wax,  though 
a  variety  occurs  which  is  harder;  the  latter,  which  are  usually  vei 
minute  and  never  larger  than  peas,  are  of  a  feteel-grey  or  blackl 
colour  and  possess  a  metallic  lustre. 

The  small  calculi  are  composed  in  great  part  of  bilirubin-calciuffli 
thtiugh  they  always  contain  biliverdiu-calcium,  besides  bilifuscin  wd 
bililiumin  ;  they  very  rarely  contain  bilicyanin.  The  calculi  belonging 
to  this  class  contain  very  small  quantities  of  cholesterin;  someti; 
bai'ely  recognisable  traces. 

(6)  Rarer  forms  of  biliary  calculi,  which  include  some  alrefi' 
referred  to  in  Charcot's  descriptiim,  viz.  (a)  amorphous  and  i^lf»^ 
fectly  crystallised  cholesteiin  stones  of  small  size:  (b)  calculi  con- 
taining calcium  carbonate.  This  salt  is  often  present  in  l&rg« 
quantities  iu  additiou  to  bilirubin-calcium.  Naun}'n  has  often  found 
the  nucleus  of  the  common  gall-stoucs  to  be  composed  of  agglomera- 
tions of  spheres  and  warty  ujiiiwes  of  calcium  carbonate:  (c)  con- 
cretions with  heterogeneous  bodies  as  a  nucleus,  or  concretions  which 
may  be  termed  conglomerate  stones  :  (d)  casts  of  the  hepatic  ductSj 


^  Charcol.  op.  cit.  p.  122  et  ieq.  ^ 

«  B.  Nauuyu,  A7i«/Jt  lUr  ChtMithiafh  (Mit  3  farbi«en  und  2  lichtarack  T»fch 
Leipzig,  VerlBK  von  F.  C.W.Vofed,  \mi.    EftfiBt  to  p.  1—6.    The  Author  wifllm »* 


" 
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"The  pure  bilirubin -calcium  stones  are  found  not  only  in  the 
^IJ-bladder,  but  also  in  the  intra-hepatic  ducts.  The  habitual 
tenants  of  the  gall-bladder  are  the  common  mixed  cholesterin- 
calculi "  (Naunyn).  It  is  to  be  noted,  however,  that  small  concretions 
of  pure  cholesterin  may,  and  do,  originate  in  the  intra-hepatic  bile* 
ducts. 


L 


Sect.  2.  Enumeration  of  the  Constituents  as  yet  found  in 
Gatx-stones.  The  Pigments  which  are  only  found  in 
Gall-stones  (Bilifuscin  and  Bilihumin). 

We  have  already  referred  to  the  fact  that  cholesterin  and  the 
calcium  ct^mpound  of  bilirubin  constitute  the  most  important  con- 
stitueuts  of  biliary  coucretionsj  tbougli  the  latter  is  ofleu  mixed  with 
considerable  quantities  of  calcium  carbonate. 

In  addition  to  bilirubin  in  combination  vith  calcium,  calculi 
which  contain  tliis  compound  may  contain  biliverdio,  bilicyanin, 
choletelin  and  imperfectly  known  bodies,  described  as  bilifuscin  and 
bilihumin,  which  are  also  for  the  most  part  combined  with  lime. 
The  bilirubin-calcium  calculi  nearly  always  contain  copper  (which 
Naunyu  thinks  probably  exists  as  a  bilirnbin-copper  compound), 
besides  iron.  Frericbs'  examined  and  described  calculi  of  bilirubin- 
calcium  which  contained  globules  of  metallic  mercury,  and  his 
observations  on  this  point  have  been  confirmed  by  several  obserx'ers 
(Beigel",  Lacarterie',  Naunyn*). 

It  is  to  be  noted  that  neither  free  bilirubin  nor  the  salts  of  the 
bile-acids  occur  in  gall-stoues;  the  traces  of  these  substances  which 
are  discoverable  are  derived  from  the  bile  with  which  the  gall-stones 
are  permeated. 

In  rare  cases,  biliary  calculi  have  made  their  way  into  the  urinary 
passages  and  uric  acid  has  then  been  found  as  a  constituent". 

Similarly,  when  gall-stoues  have  sojourned  for  some  time  in  the 
intestines  they  may  be  coated  with  phosphate  of  calcium  and  mag- 
nesium, aa  well  as  with  calcium  carbonate". 

acknowledge  his  groat  indebtedneae  to  tliis  able,  interesting,  ftud  admirably  illnstrated 
work,  tht;  appeanuoe  of  whioh  has  marked  a  oew  era  in  uur  kao'n'lt^ge  of  chole- 
lithiaaiR. 

>  Frcrichs,  Ali'nfJt  d.  L^herkrankhtiUin,  VoL  ii.  pp.  474  and  475. 

^  Beigel,  Wifiur  med,  lyocheiiachr.  1H66,  No.  15. 

'  Laoarterie,  Qaxetu  nufd.  df  Pari*,  16'27,  quoted  by  Charcot,  op,  cit.  p.  131. 

*  Naonyu,  'So  besobriebFrerichaQaUencoDcrcmeiite  {die  ich  iibrigena  selbst  nnter- 
snchen  konnte)  welche  aas  GallenfarbstoflTkalk  bestanden  and  Kiigelahen  metallischen 
Queoksilbere  enUu«iten.*  loc.  cit.  p.  7. 

'  Giilerbock,  Uerlin.  kfin.  M'tichtjuchr.  1871,  Nos.  49  and  51,  and  Tirchow's  Archiv, 
Vol.  uxvi.  (1876),  p,  273.  The  reader  is  referred  to  an  account  of  the  literature  of 
Cfute»  of  this  kind  in  the  learned  work  bj  Professor  Courvoiftier  of  bas^l,  entitled 
Catuittwh-Mtatistucht  Bfitriifft  zur  Pathologic  und  Chirurgii;  dtr  Gallenweffc,  Leipzig, 
1890.  Tbe  cases  >'et  recorded  will  be  found  at  page  302,  tmder  the  beading.  '  Ulcerative 
Perforationen  der  Oallenwege  in  die  Hamwoge.' 

^  Charcot,  op.  cit.  p.  133. 
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Bili/uscin  C„H^\0,? 

By  this  name  Starieler^  designated  a  constituent  of  gall-stonefl 
which,  contrasted  with  biiirubin,  is  very  sparingly  soluble  in  chIori>- 
form,  but  is  soluble  in  absolute  alcohol.  When  bilirubiu-calcium 
gall-stones  have  been  treated  with  hydrochloric  acid  and  then 
extracted  with  chloroform  (see  page  316),  the  first  chloroform  extract 
contains  some  bilifuscin.  When  evaporated  to  dryness,  the  residue 
yields  the  latter  substance  to  absolute  alcohol.  The  greater  part 
the  bilifuscin  is  to  be  found  in  the  residue  from  which  chlorofoi 
ban  extracted  bilirubin.  If  this  be  dried  and  treated  with  absolul 
alcohol,  the  latter  dissolves  bilifuscin.  The  solution  is  evaporated 
dryness,  extracted  with  boiling  water,  and  the  insoluble  residoi 
ag^iin  dissolved  iu  as  small  a  quantity  as  possible  of  absolute  alcohoD 
From  its  solution  in  the  latter,  the  colouring  matter  is  precipitated 
by  the  addition  of  large  quantities  of  ether.  It  is  again  dissolved 
alcohol  and  the  solution  evaporated  to  dryness. 

Bilifuscin  is  described  as  a  dark-brown  body  easily  soluble 
alcohol,  glacial  acetic  acid,  and  solutions  of  the  alkaline  hydrates, 
is  sparingly  soluble  in  chloroform  and  is  insoluble  in  water  and  eth( 
Its  solutions  are  browu,  with  a  shade  of  olive-greea  Its  ammoi 
solution  is  precipitated  by  calcium  chloride,  insoluble  brown  tlakw  of 
bilifuscin-calcium  being  obtaine<L  Bilifuscin  does  not  exhibit  Gmelin'B 
reaction. 

Biliku?nifif 

By  this  term  is  designated  the  insoluble  colouring  matter  which 
is  left  after  deeompasiug  bilirubiu-calcium  calculi  with  dilute  hydro- 
ehlonc  acid  and  extracting  with  chloroform,  absolute  alcohol  and 
ether.  The  body,  which  is  doubtless  a  mixture  of  derivatives  of 
bilirubin,  does  not  exhibit  Gnielin's  reaction. 

Naunyn*  seems  to  consider  bilihumin  to  be  almost  a  characteristic 
of  the  small  biliary  calculi  which  take  their  origin  in  the  intra- 
Iiepatic  ducts,  and  which  are  to  be  distinguished  from  concretions 
inspissated  bile  by  their  containing  the  higher  oxidation  products 
the  biie-colouring  matter  (to  wit,  biliverdin.bilicyanin  and  choletelii 
as  well  lis  bililiumindike  btxlies.  It  is  very  hard  to  understand  bo! 
oxidations  can  take  place  within  the  hepatic  ducts. 

Biliprasin?! 

The  colouring  matter  described  under  this  name  by  Stiideler  is 
believed  to  be  a  mixture  of  bilifuscin  and  biliverdin. 


'  Stiideler,  '  Ueber  dii?  Farbatoffe  iler  CraUe/  Annalen  d.  CheniU  u.  i*A«n»- 
Vol.  cxxxu.  (ISWj,  pp.  323  eX  seq. 

^  Naunyn,  *Di«  EntAtehuog  der  BilirubiQ-K&ULSteuieben  in  den  UaUengingeo  ^ 
heher:    Op.  cit,  p.  27. 
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BiUcyaniny  Choletelin. 

Lccording  to  the  observations  of  Hejoisius  and  Campbell,  which 
e  been  confirmed  by  subsequent  observers  (Naunyn),  these  two 
lies,  which,  as  we  have  seen  (pp.  328 — 330)  are  profiucta  of  the 
dation  of  bilirubin  and  biliverdin,  occur  in  certain  of  the  biliary 
bcretions  of  man. 


Sect,  3.    The  Mode  of  Formation  of  Gall-stones. 


It  is  a  common,  indeed  a  general  belief,  among  those  who  have 
^oted  the  greatest  thought  and  study  to  the  subject  of  chole- 
liasis,  that  all  circumstances  which  tend  to  hinder  the  flow  of  bile 
our  the  formation  of  gall-stones,  and,  indeed^  that  a  retarded 
vement  of  bile  is  an  essential  condition  to  the  formation  of  these 
icrelions.  It  is  obvious  that,  aeUns  paribus,  the  liver  will  be 
ddly  and  effectively  drained  of  its  bile  in  proportion  as  the 
piratory  movements,  especially  the  diaphragmatic  and  abdominal 
piratory  movements,  are  active,  ^nd  conversely  that  all  conditions 
ich  tend  to  limit  the  respiratory  movements  will  tend  to  a  stasis 
bile  in  the  intra-hepatic  biliary  ducts.  The  remarkable  frequency 
biliary  concretions  in  womeUj  as  compared  with  men,  has  been  ex- 
liaed  {Naunyn)  by  the  fact  that  their  respiratory  movements  (costal 
[«  of  respiration)  are  less  favourable  to  the  compression  of  the  liver 
d  the  efflux  of  its  bile  than  the  characteristically  diaphragmatic  type 
respiration  in  man  ;  that  pregnancy  must,  of  necessity,  by  impeding 
a  remarkable  extent  the  diaphragmatic  and  abdominal  respiratory 
>veineDts,  greatly  increase  tlie  tendency  to  biliary  stasis,  a  tendency 
rbaps  aided  by  other  conditions  which  specially  affect  women,  as 
f.  tight  lacing  and  sedentary  occupations. 

In  an  investigation  carried  out,  at  Naunyn's  suggestioQ,  Schroder'  in 
2  pathological  institute  of  Strassburg,  found  gall-stoues  in  4 '4  {>§  of  all 
lie  subjects  and  20'6  of  all  female  subjects  whose  bodies  were  examined, 
uong  115  female  subjects  with  gall-stones,  99  had  tmth  certainty  borne 
Udren! 

The  frequency  with  which  gall-stones  are  found  in  the  gall-bladder 
creaaes  remarkably  with  age,  as  is  shewn  in  the  annexed  table, 
ucfa  exhibits  Schroder's  results 


'  Schruder.  quoUd  by  Naunyn,  Klinik  der  Choletithiasi*^  p.  37.  The  onlj  refereuoc 
'W  by  Nfcunyn  is  the  following,  '  Schroder,  Strassburger  Doctor-DisBert.  Wird,  1892, 
tttepublicirt.' 
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A^e 

Number  of 

Number  of  bodies  in 

PetcentA^e  of  ftutopntf  in 

Autopeies 

wbich  gall-HtODefl  fomid 

wliich  gall-stonea  were  toond ' 

0—20 

82 

2 

2 '4 

21—30 

188 

6 

3-2 

31—40 

209 

24 

11-5 

41—50 

252 

28 

IM 

61—60 

161 

16 

9-9 

60  and  over 

258 

65 

25-2 

This  increase  in  the  frequency  of  the  occurrence  of  gall-stones  in 
old  people  has  been  supposed  by  some  to  be  due  to  their  bile  con- 
taining an  excess  of  choleatcriu,  but  this  explanation,  as  will  be 
subsequently  argued,  is  an  untenable  one.     As  age  advances  aud  the 
muscular  activity  of  the  body  diminishes,  as  the  nabits  become  more 
and  more  sedentary,  the  respiratory  activity  will  certainly  be  dimin- 
ished.    If,  then,  there  be  any  truth  in  the  view  that  the  liver  is 
rapidly   and   effectively  drained  of  its   bile   in   proportion   as  the 
respiratory  movements  are  active,  and  that  a  slow  movement  of  the 
bile  is  a  primary  condition  for  the  formation  of  gall-stones,  it  will 
follow  that  in  old  age  one,  at  least,  of  the  conditions  favourable  to 
the  formation  of  gall-stones  exists. 

But  the  investigations  of  Charcot  and  Pitres'  have  shewn  that 
the  unstriped  muscular  fibres  which  exist  in  the  walls  of  the  biliary 
passages  undergo  remarkable  atrophy  in  old  age,  so  that  the  proba- 
bility of  the  expulsion  of  any  calculi  which  may  be  formed  is  much 
smaller  than  at  earlier  periods  of  life.  Thus,  perhaps,  we  may  in 
part  account  both  for  the  remarkable  increase  in  the  number  of  gall- 
stoucs  found  after  death  as  age  advances,  as  well  as  for  the  compara- 
tively small  number  of  cases  in  which  gall-stones  give  rise  in  old 
people  to  attacks  of  biliary  colic. 

But  in  what  manner  can  an  arrested  or  retarded  movement  of 
the  bile  lead  to  the  formation  of  biliary  calculi  ?  If,  in  truth,  sucb 
a  connection,  as  has  been  generally  surmised,  actually  exists,  it  is.  in 
all  probability,  an  indirect  one,  the  retarded  flow  favouring  the  action 
of  agents  which  play  a  more  direct  piirt  in  the  process. 

We  have  seen  that  biliary  calculi  in  man  are  in  the  large  majoritr 
of  cases  composed  mainly  of  cholesterin  mixed  in  some  cases  witb 
calcium  compounds  of  the  bile  colouring  matters,  whilst  the  con- 
cretions formed  mainly  of  the  latter  compounds  are  comparativelr 
rare,  In  order  to  explain  the  formation  of  gall-stones,  we  sLaJl, 
therefore,  have  to  inquire  into  the  circumstances  which  lead  to  ihf 


'  Cfauroot  et  Pitres,  see  Charcot,  Le<;onM  sur  les  Malndiet  du  FoU  ei  det  IUiv> 
p.  143. 
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origin  and  separation  of  cbolesteriu  and  the  calcium  compound  of 
bilirubin. 

As  has  previously  been  stated  (p.  339),  cholesterin  is  chiefly  held 
in  solution  in  the  bile  by  the  alkaline  salts  of  the  bile  acids,  though 
the  neutral  fats  and  the  alkaline  salts  of  the  fatty  acids  also  possess 
the  power  of  dissolving  considerable  quantities. 

From  the  experliuonts  of  Happrl ',  recorded  })y  Nnunyn,  sodium  j^lyko- 
cholate  ur  taurocholate,  when  existiug  in  solutions  containing  from  0*2  to 
2-5  per  cent,  of  these  bodiL»s,  are  able,  at  temperatures  of  37*^ — SS'^C, 
to  dissolve  about  one-tenth  of  their  weight  of  cbolesteriu.  Soap  ui  dilute 
solutions  18  able  to  dissolve  about  half  its  own  weight  and  oleiu  dissolves 
B  p.a  of  its  weight  of  cholesterin. 

Bilirubin  and  calcium  both  exist  in  the  bile.  The  former  appears 
to  be  held  in  solution  by  the  alkaline  salts  of  the  bile  acids  whicb,  in 
addition,  possess  the  power  of  hiudering  its  precipitation  by  calcium 
salts,  unless  these  are  added  in  great  excess  (Naunyn*).  The 
addition  of  albumin  to  a  solution  of  sodium  glykocholate,  holding 
bilirubin  and  calcium  salts  in  solution,  causes,  however,  a  separation 
of  the  insoluble  calcium  and  bilirubin  compound  (Naunyn*). 

FrertchB*  Frerichs  asannicd  that  a  Htagnatiuu  of  bile  in  the 

tbeonr  of  tb«  gall-bladder  was  Llie  first  condition  fur  the  formation  of 
°'  gall-stones.  Under  the  influence  of  mucus  secreted  by 
the  gall-bladder,  he  believed  that  the  salts  of  the  bile 
acids  then  un{lenvent  decomposition*  and  the  reaction  of  the  bile 
became  acid:  couser|ueutly,  the  cholesterin,  and  the  bilirubin  which 
had  been  held  in  sohitiun  by  the  bile  salts,  separated,  the  former  in  a 
crystalline  condition,  the  latter  partly  in  a  crystalline  condition,  but 
chiefly  as  the  inauluble  calcium  compound  (Bramson).  He  drew 
attention  to  the  impuitiint  part  played  in  this  process  by  lime  salts, 
Ivhich,  he  shewed,  aie  secreted  by  the  mucous  membnme  of  the 
^11-bladder;  this  he  repeatedly  had  found  incrusted  with  numberlesg 
crystals  of  calcium  carbonate.  Frericha  believed  that,  in  order  to 
eatl  to  the  formation  of  biliary  concretions,  the  precipitated  bodies 
inust  needs  remain  some  time  in  the  gall-bladder  and  require  the 
co-operation  of  the  elements  resulting  from  catanh  of  its  lining 
caembrane  (mucus,  epithelium  ?).  though  he  gives  no  details  as  to  the 
[process. 

In  criticising  Frerichs'  theorj^  from  the  present  stand-point  of 
science  it  is  at  onco  obvious  that  euch  an  acid  fennentatioti  as  he 
assumed,  leading  to  a  decomposition  of  the  salts  of  the  bile  acids 

Happcl's  experimenta  appear  to  have  been  performed  at  Kaunyn's  instigation  and 
mre  recorded  in  Ins  Klittik  H.  Cholelithiafu,  p.  16. 
'  Kannyn,  op.  cit.  p.  18. 
»  Ibid,  p.  19. 

•  Frerichs,  Kiittik  dfr  Lfberkmnkheiten,  BTaaOBohweig.  1961.  'Die  Entatehnng 
der  Galleuconcremeute,'  Vol.  ii.  pp.  4Bi — 187, 

'  *  Stockung  nnd  Zersetzung  der  Galle  Ut  also  die  orate  Uraaehe  der  Concrement- 
bildong,*  Frericbg,  op.  cit.  p.  485. 
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could  DOt  originate  spontaneously,  but  presupposes  the  inter\'eDtioii 
of  some  active  agent,  presumably  of  a  pathogenic  organism. 

As  the  bile  has  been  shewn  to  be  normally  sterile,  the  mere 
slowing  of  its  current  would  be  insufficient  to  induce  the  changes 
which  Frerichs  assumed.  But  even  were  such  an  acid  decompoaitioii, 
as  he  imagined,  to  occur,  there  is  no  evidence  that  it  would  lead  M 
a  separation  of  the  cholesterin  of  the  bite,  inasmuch  as  such  a 
separation  does  not  occur  when  bile  decomposes,  through  exposure 
to  atmospheric  germs,  and  acquires  an  acid  reaction. 

Nftunm'a  When  discussing  (p.  340)  the  probable  origin  of  tbo 

theory  of  the    cholcstcrin  of  the  bile,  we  drew  attention  to  the  view* 
production    of    ^f  Naunyn.  who  has  advanced  the  remarkable  hypothecs 
'"   °'  that  it  is  not  a  product  removed  by  the  liver  from  the 

blood,  but  that  it  takes  its  origin  in  the  epithelial  cells  of  the  gall- 
bladder and  biliary  passages.  WTiilst  we  advanced  arguments  which 
appear  to  us  to  prove  that  such  a  view  is  inadmissible  in  the  case  of 
the  normal  cholesterin  of  the  bile,  we  would  point  out  that  these 
arguments  do  not  invalidate  the  possibility,  nay  the  certainty,  of 
the  local  production  of  cholesterin,  as  a  result  of  morbid  prooesses 
having  their  seat  in  the  epithelial  cells  lining  the  mucous  membrane 
of  the  biliary  passages. 

We  have  drawn  attention  to  the  observations  of  Frerichs  which 
merely  confirmed  and  extended  those  made  before  him  by  Cru- 
veilhier',  as  to  the  local  excretion  of  calcium  salts  by  the  mucous 
membrane  of  the  gall-bladder,  when  this  becomes  the  seat  of  inflam- 
matory action.  Naunyn  aud  his  pupils  have  supplemented  our 
knowledge  of  this  subject  by  shewing  tnat  the  amount  of  calcium  in 
the  bile  is  not  affected  by  the  amount  taken  into  the  body  and 
existing  in  the  blood".  The  only  constituent  of  gall-stones,  indeed, 
which,  according  to  Naunyn,  is  influenced  by  the  food  is  bilirubin, 
the  amount  of  which  seems  to  be  larger  when  the  diet  is  abundaiit 
than  when  it  is  scanty. 

The  most  careful  inquiries  have  revealed  that  neither  hereditaiy 
nor  acquired  diathesis,  neither  nationality  nor  dietetic  habits,  appear 
to  affect  the  incidence  of  cholelithiasis.  Rich  and  poor,  fat  people 
and  spare,  the  gouty  bun  vivant  and  the  abstemious  peasant,  all 
suffer  alike  from  gall-stones.  Such  being  the  case,  must  we  Dot 
seek  for  a  local  pathological  process  affecting  in  the  first  instance 
the  mucftus  membrane  of  the  biliary  passages,  and  leading  secondarily 
to  the  formation  of  gall-atonus  ? 

The   essence   of  Naunyn*s   theory   of   cholelithiasis  consists 
assuming  that  it  is  due  to  an  infection  of  the  gall-bladder  and  bi 

*  Cmveilhier,  TraitA  d*AnatomU patholo^ique.  Vol.  ii.  p.  190. 
'  Nauayn,  Klinik  d,  ChoUUthiatU^  'Die  KalkauHscbeiducK  in  der  G&lle,*  p.  H. 

*  Dr  Ltidwig  Janluin,  *Deber  Cholesterin- imd  Kalk&usHcheidang  mU  derG*Ue'(i 
d.  med.  KLiuik  d.  Univ.  StraBsboig).  Archiv  /.  exp.  Path,  u.  P/iarma^,  Oct  1691, 
237—24^. 
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passages,  by  the  migration  into  them  of  organisms  existing  in  the 
duodenum,  of  which  »ume  exert  a  pathogenic  action  on  the  mucous 
membrane,  this  migration  being  facilitated  when  the  rate  of  flow  of 
the  bile  is  diminished. 

As  was  formerly  said,  the  normal  bile  is  sterile,  a  fact  first 
demonstrated,  in  the  case  of  the  rabbity  by  Netter  in  1884\  and 
confirmed  in  the  case  of  man  by  Gilbert  and  Girode'  in  1890. 

I  Netter  and  Martha,  Brieger,  Lcyden  and  others  had  found  in 
>iirulent  processes  affecting  the  biliary  passages  of  man,  in  addition 
U>  other  organisms  {Staphylococci,  Streptococci),  a  bacillus  which  sub- 
sequent investigation  has  proved  to  be  the  Bactenum  coli  coitunune. 
The  same  bacillus  was  afterwards  found  and  cultivated  by  Levy  in 
ft  hepatic  abscess,  consecutive  to  gall-stonea,  occurring  in  Naunyn's 
^Unique.  In  five  cases  of  cholelithiasis,  in  which  an  acute  cholecystitis 
kad  supervened,  Naunyn,  by  puncturing  the  gall-bladder  during  the 
life  of  the  patient,  discovered  the  same  bacillus. 

The  organism  thus  discovered  is  eminently  pathogenic  and 
experiment  has  shewn  that  when  introduced  into  the  biliary  passages 
of  dogs,  after  ligature  of  the  common  bile-duct,  it  induces  acute 
infection  and  rapidly  kills  the  animal,  whilst  if  a  similar  culture  of 
the  bacillus  is  injected  without  ligaturing  the  duct,  no  bad  con- 
sequences follow  and,  when  the  animal  is  killed  after  an  interval,  no 
abnormal  appearance  is  observed,  either  in  the  biliary  passages  or 
the  hepatic  substance. 

Naunyn's  view  is  that  the  Bacterium  coli  commune  migrating 
from  the  intestine,  under  the  necessary  conditions  of  a  retarded  or 
arrested  bile-flow,  induces  au  affection  of  the  mucous  membrane  of  the 
gall-bladder,  a  '  calculus- forming '  catarrh  ('  steinbildende  Katarrh  '), 

When  death  suddenly  occurs  in  individuals  suffering  from  gall- 
tojies  (but  not  suffering  from  cholecystitis),  the  epithelium  cells 
ining  the  gall-bladder  are  found  to  contain  fat  drops  and,  besides, 
called  niyeiine  masses,  with  double  outlines,  which  in  some  cases 
11  the  whole  cell.  From  some  of  these  myelin-laden  cells,  the 
es  are  seen  to  protrude  and  then  to  become  detached,  floating 
Wiiy  singly,  or  becoming  aggregated  into  clumps  of  glassy,  structure- 
ess,  highly  refractive,  matter.  Such  glafisy,  structureless  masses  as 
hese  are  actually  found  floating  in  the  bile  in  cases  such  as  those  wo 
re  considering.  On  the  addition  of  acetic  acid,  they  may  be  observed, 
inder  the  microscope,  to  congeal  into  a  mass  of  cholesterin  crystals. 
hose  clumps  of  cholesterin  are,  as  Naunyn  shews,  the  first  rudiments 
f  gall-stones,  and  accompanying  them  are  exactly  similar  but  harder 
inasses,  veritable  little  calculi.     At  first,  these  little  calculi  have  a 


*  NeUer,  quoted  by  Naunyn,  op.  cit.  p.  43. 

*  Gilbert  ei  Girode,  CompU*  Rendus  de  la  SoeUU  de  BiologU,  1890,  No.  39 ;  1891, 
iNo,  11. 
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glassy  structure,  but  sooner  or  later  the  cholesterin  commences  U) 
crystallised 

Whenever  this  remarkable  deveiopment  of  small  calculi  &om 
clumps  of  cliolesteriu  could  be  observed,  Naunyn  always  foumi  otiier 
very  minute  ckilesterin  calculi,  which,  however,  conlaiued  a  central 
cavity  filled  with  a  brown,  softish,  mass,  composed  mainly  of  bilirabb- 
calcium^  and  he  was  able,  in  the  case  of  these  also,  to  study  the 
process  of  formation  from  its  very  commencement.  At  first,  aggre- 
gations of  swollen  epithelial  cells  are  usually  seen,  which  break  down 
to  form  a  granular,  brownish,  mass  and,  in  the  immediate  proximitv, 
similar  brown  granular  masses  are  seen,  around  which  conflueat 
myelin  forms  have  set,  forming  a  glassy  capsule  of  cholesterin. 

It  is  impossible  to  reproduce  Naunyn's  interesting  description  i)f 
the  minor  variations  which  may  be  observed  in  the  mode  of  origin  erf 
calculi  and,  for  a  knowledge  of  these,  the  reader  is  referred  to  his 
work.  It  only  remains  for  us  to  point  out  how,  according  to  NaunvnV 
investigations,  the  calculus  crows  and  is  modified.  The  growtb  of 
calculi  composed  mainly  ot  bilirubin-calcium  occurs,  doubtloss,  id 
consequence  of  actual  piecipitatiuu  of  the  compound  from  the  bile. 
occasioned  partly  by  the  pouring  out  of  a  secretion  rich  in  lime  salts 
from  the  walls  of  the  gall-bladder  (an  event  which,  as  we  have  seen. 
always  accompanies  a  catarrhal  condition  of  the  gall-bladder),  bnt 
partly,  |3trhaps,  in  consequence  of  the  simultaneous  passage  into  tlif 
bile  of  albumin,  the  presence  of  which  greatly  aids  the  precipitation 

The  growth  of  a  calculus"  through  Che  addition  of  cholesterin 
generally  occurs,  according  to  Naunyn,  by  the  superpositiou  of,  or 
infiltration  by,  the  masses  of  cholesterin  around  it,  though  where  a 
calculus  is  surrounded  by  bile  it  may  also  increase  in  size  thn-ugh 
the  crystallisation  of  cholesterin  which  was  in  solution  in  that  liquid. 
The  infiltration,  previously  referred  to,  takes  place  through  minute 
canals  which  penetrate  from  the  outer  zone  into  the  interior  "i 
calculi — so  called  infiltration  canals  ('  Infiltrationscaniile ') — which 
penult  both  the  primitive  soft  cholesterin  masses  and  the  bile  to 
permeate  the  concretion. 

It  must  be  added  that,  according  to  Naunyn,  the  crystalline 
structure  of  cholesterin-calculi  is  not^  in  general,  due  to  a  priuiair 
deposition  of  cholesterin  in  the  crystalline  form,  but  is  due  to  « 
secondary  process  of  crystallisation  which  invades  the  mass  of  choIe>- 
terin  forming  the  calculus,  after  this  has  been  deposited. 


*  The  reader  i&  referred  to  the  most  beautUal  chromolithographs  and  photo-tjpe 
engravings  illastrating  the  structure  of  gall'Stonea  in  Naunyn's  book. 
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Results   of   Quantitative   Analyses   of  the   Ciuep 
Varieties  of  Biliary  Cvlccll 


I.     Cholesierin  Calculi, 

The  most  complete  iavestigationa  on  the  composition  of  biliary 
calculi  have  been  maile  b}'  Ritter*,  who  for  the  purposes  of  his 
research  made  a  collection  of  GOOO  specimeua 

The  maximum  and  minimum  cjuautitiea  of  cholesteriu,  organic 
matters  other  than  cholesierin,  and  mineral  matters  in  his  analyses  of 
cholesteriu  calculi  are  as  follows  : 


I 


Maxiaiuni.  Minimum, 

Cholesterin  in  100  parts                      9S'l  C4'2 

Other  organic  matters  in  100  parts    27'4  .  To 

Mineral  matters  in  100  jiarts                 8*4  0'4 


The  largest  amount  of  bilirubin  found  by  Ritter  in  a  cholesterin 
mlculus  was  1'2  per  cent. 

The  following  are  the  results  of  the  analysis  of  a  cholesterin 
calculus  made  by  v.  Planta  and  Kekule^ : 


Water  in  100  parts 

CholeBterin 
Saponifiable  fat 
Biliar}'  colouring  matter 
Mucin  (?) 

Matters  soluble  in  water 
Mineral  matters 


4-8D 
90-82 
2*02 
0-20 
1-35 
079 
0*28 


II,     Bilirubin-calcium  Calculi, 

In  a  bilirubin-calcium  calculus  (luimau),  Ritter  found  traces  of 
''notesterin,  75'2  per  cent,  of  urgauic  matters  and  248  per  cent,  of 
mineral  matters. 

The  following  analyses  exhibit  the  composition  of  a  bilirubin- 

(*^'ciura  calculus  of  the  ox,  made  by  Maly^ 
Bilirubin  in  100  parts 
Fatty  mutters 
Matters  soluble  in  water 
Phosphates  and  earths  combined  with  bilirubin 
Insoluble  matters  and  loss 
-^      Ritter,  Joumat  tU  I'Auatomie  et  de  la  Pkyiiologie.  1872,  pp.  60  and  181.     CompU$ 
^*idn».  Vol.  Lxxiv.  (1872),  p.  813. 

*  V.  PUuta  aud  Kekule,  AuTialen  d,  Chem.  u.  Phann.  VoL  Lxxxva.  p.  367. 
^    *  R  M&ly,  '  Zus&mmcnKetKnng  der  OchBengalleDsteiDe.'  JtihTe4b.  d.  Tftier-Chemie^ 
'<»*.  tv.  (1875),  pp.  310-312. 


2810 

:r'2S 
1809 

1-41 
4713 


^=*^^  ftU8\y»^  6V36 


CHAPTER  VIII. 

METHODS  FOR  THE  ANALYSIS  OF  THE  BILE   AND 
BIUARY   CALOTJLl. 


We  have  in  the  precediDg  Chapters  treated  so  fully  of  the 
properties  and  methods  of  separating  the  normal  constituents  of  the 
bile,  that  it  only  remains  to  describe  the  methods  which  are  employed 
in  the  systematic  analysis  of  bile  and  biliary  calculi,  and  which  are 
of  special  importance  to  the  physician  and  the  pathologist. 


Sect.  1.     Examination  of  the  Bile  for  Albumin,  Oxth^mo- 

OLOBIN    AND    ITS    DERIVATIVES,    SUGAR,    UrEA,    LbUCINE    AND 

Tyrosine. 

,,^     .  The  bile  is  cautiously  neutralised  by  means  of  dilute 

acetic  acid  and  then  boiled,  when  the  production  of  a 
coagulum  will  indicate  the  presence  of  albumin. 

The  bile  is  decolourised  by  means  of  animal  char- 
coal, filtered,  and  the  filtrate  is  tested  for  sugar,  (1)  by 
Fehling's  test,  (2)  by  the  fermentation  test. 

Oxy-bamo-  In   the  case  of  the  presence  of  su3icient  blood- 

S^^ti"^**  ^**  colouring  matter,  a  red  colour  and  the  characteristic 
spectrum  of  0x3' haemoglobin  may  be  observed.  The 
bile,  however,  reatlily  decomposes  this  body,  throwiug  down  a  pre- 
cipitate which  contains  both  hu^maiin  and  albuminous  substances 
(Hoppe-Seyler).  This  precipitate  should  be  dissolved  in  dilute 
solution  of  sodium  hydrate  when  the  spectrum  of  haematin  in 
alkaline  solution  is  observed ;  on  treating  the  solution  with  ammo- 
nium sulphide  the  spectrum  of  LaDmocbromogen  (reduced  ha?matin) 
is  obtained  (see  Vol.  r.  1st  ed.  p.  110). 

In  examining  the  bile  of  the  ox  and  of  the  sheep,  when  two  bands 
alone  are  visible,  their  position  should  be  carefully  determined  and 
compared  with  that  of  the  oxyhfemoglobin  bands,  before  the  con- 
clusion is  arrived  at  that  this  substance  is  present;  the  necessity  for 
caution  arises  from  the   fact   that   the  two  central   bands  of  the 
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so-called  cholohaematin  may  be  distinctly  observed  before  tLe  oth* 
bands  have  become  visible. 

The  bile  is  mixed  with  dry  auimal  charooal  e^ 
rated  to  dryness,  and  the  residue  is  dissolved  in 
alcuhol.  Tlie  solution  is  thoroughly  precipitated  with  anhydroi 
ether  and,  after  subsidence  of  the  precipitate  of  salts  of  bile  acids,  ibe 
clear  ethero-alcoholic  solution  is  evaporated  to  dryness.  The  residue 
is  dissolved  in  water.  The  urea  present  may  then  be  separated  by 
Drechsel's  method  of  alcoholic  dialysis,  which  was  employed  by 
Haycraft  in  the  research  on  urea  in  the  blood  which  he  made  under 
DrechseFs  direction*.   The  urea  thus  obtained  must  then  be  identified. 

Leadne  and  The  bile  is  fully  precipitated  by  the  addition  first 

tyroiine.  ^^  sohition  of  lead  acetate  and  then  of  ammonia,  and 

the  ftltrate  from  the  abundant  precipitate  which  falls  is  treated  with 
sulphuretted  hydrogen.  The  filtrate  from  the  precipitate  uf  lead 
sulphide  is  evaporated  on  the  water  bath  and  set  aside  to  crystallise. 
The  leucine  and  tyrosine  which  may  separate  are  iilentified,  separated 
and  treated  as  described  under  leucine  (pp.  234  and  236). 


Sect.  2.  Quantitative  Determination  of  the  Specific  GRAvnr. 
Total  Solids,  Salts,  Mucoid  Nucleo-albumin,  Bile  Acids. 
Fats,  Soaps.  Cholesterin,  Lecithin  and  Bile-coloi'RI>£_ 
Matters. 


1.  Specific 
gravity, 

174  e/  seq.). 

3.  Total 

■ollds  and 
■alts. 


Determine  6y  means  of  the  specific  gravity  hottU, 
noting  carefully  the   temperature   (Vol.  i.    1st  ed.  p. 

Weigh  out  exactly  about  from  5  to  10  grammes  of 
bile  and  determine  the  total  solids  and  salts,  exactly  M 
described  in  the  case  oi'  blood  (Vol.  i.  1st  ed.  p.  177 


3.   THe  mu-  Treat  from  10—30  grammes  of  bile  with  ^ve  tima 

oMdnaeieo-ai-  ^1^^,^^,  volume  of  absolute  alcohol  and  centrifugrtlise. 
When  the  precipitate  has  separated  in  a  coherent  mtfi 
(i.e.  in  about  10  minutes  with  a  velocity  of  2000^3000  p.  min.^ 
collect  it  on  a  weighed  filter,  the  amount  of  the  ash  iu  which  is  also 
knuwu.  Thoroughly  wash  the  precipitate  with  absolute  alcohol  and 
collect  the  alcoholic  filtrate  and  washings.  The  precipitate  is  then 
further  washed  with  dilute  acetic  acid;  the  filter  aud  precipitate  are 
th-ied,  first  at  100 C,  then  at  110',  aud  aftenvards  weighed  Th'is 
are  found  the  amount  of  mucoid  uucleo-albumin  together  with  somt- 
insoluble  salts  and  a  trace  of  bile-colouriug  matters.  The  filter  ai'fl 
precipitate  are  then  ignited  and  the  ash  weighed.     On  deducting  the 

>  In  VoL  I,  (l«t  edition),  p.  193  {Haycra/e*  mthoti). 
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weight  of  the  ash  from  that  of  the  dried  precipitate,  the  weight  of 
the  mucoid  nucleo-albuinin  is  obtained. 

4.  Determi-  A  (juantity  of  about  10  gi*ammes  of  bile  is  treated 

nation  of  nen-  with  alcohol  exactly  as  stated  under  3,  the  precipitate 
*'^^*'i  "t^rt"  ^^  ^^^  mucoid-uucleo  albumin  being  carefully  washed 
with  ether.  The  alcoholic  and  ethereal  solutions  are 
evaporated  to  dryness  and  the  residue  thoroughly  extracted  witli 
alcohol  and  ether,  filtered,  evaporated  to  dryness  and  weighed.  Thus 
is  found  the  combined  weight  of  the  cholesteriu,  lecithin  and  neutral 
fats.  In  order  to  obtain  the  separate  amounts  of  these  constituents, 
pi*oceed  exactly  as  prescribed  for  the  determination  of  these  bodies 
in  the  blood  (Hnppe-Seyler's  method,  Vol.  I.  Ist  edition,  p.  187). 

fl.  Detormi- 
D&tloii  of  the 
combined  salts 
of  tlie  bUe 
ftdda.  of  tbe 
quuitltr  of  tho 
x«ip«ctiTe 
adds  and  of 
tbe  alVnllne 
metali  com- 
bined wltb 
them. 


The  dcterminationa  under  this  head  necessitate  a 
thorough  training  in  the  methods  employed  and  should, 
with  the  exception  of  the  first  and  simplest,  not  be 
attempted  by  inexperienced  chemists. 

(a)  The  simplest,  but  only  approximate,  method  of 
determining  the  amount  of  the  salts  of  the  bile  acids  in 
the  bile,  is  to  evaporate  a  weighed  quantity  of  bile  to 
dryness,  after  mixing  it  with  pure  animal  cbarcoal.  The 
thoroughly  dried  residue  is  extracteil  with  boiling  ether 
and  afterwards  repeatedly  ^vith  boiling  alcohol.  The 
alcohol  solutions  arc  filtered,  evaporated  iu  a  weighed  porcelain 
crucible  until  the  weight  of  dry  residue  is  constant;  thereafter  the 
residue  is  ignited,  the  weight  of  the  ash  being  deducted  from  that  of 
the  total  alcoholic  residue.  Thus  we  obtain  approximately  the 
Weight  of  bile  acids. 

(6)  (Hoppe-Seyler's  method.)  30  grammes  of  bile  are  treated 
exactly  as  described  under  3  (p.  392);  indeed  the  .same  quantity  of 
bile  which  serves  to  fui*nish  the  amount  of  the  mucoid  nucleo- 
albumin  will,  if  not  too  scanty,  suffice  for  the  determinations  now 
being  considered. 

The  mixed  alcoliolic  solution  is  completfly  precipitated  by  a<iding 
many  times  its  volumes  of  anhydrous  ether  The  precipitate  which 
separates  consists  principally  of  the  alkaliue  salts  uf  the  bile-acids, 
but  contains  also  small  quantities  of  the  alkaline  salts  of  the  fatty 
acids  and  of  oleic  acid,  besides  sodium  and  potassium  chloride.  The 
precipitate  is  allowed  thoroughly  to  subside  and»  after  decantation  of 
the  alcohol  and  ether,  i a  dissolved  iu  distilled  water;  the  solution, 
having  been  diluted  to  a  known  volume  or  weight,  is  divided  into 
three  parts,  of  known  if  not  of  equal  volume  or  weight;  those  we 
shall  designate  o,  ^,  y.  The  fraction  a  is  evaporated  to  dryness,  first 
on  the  water  bath,  then  at  110"^  C,  and  after  weighing  is  ignited, 
aud  the  afh  is  iheu  weighed.  In  the  ash  the  quantity  of  chlorine, 
potassium  and  sodium  are  determined  by  the  ordinary  methods. 

The  fraction  ff  serves  for  the  determination  of  the  amount  of 
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sulphur,  whence  the  amount  of  tanrocholic  acid  is  determined.  It  is 
evaporated  to  dryness  in  a  silver  basin  and  then  ignited  with 
caustic  soda  and  potassium  nitrate,  or  it  is  treated  bj  Cahus*  method 
(heating  in  a  sealed  tube  with  strong  pure  nitric  acid).  NVhichcver 
method  is  employed  for  oxidising  the  sulphur,  the  amount  of  sulphuric 
acid  is  determined  in  the  usual  manner  by  precipitating  with  baniun 
chloride,  &c. 

The  fraction  7  serves  for  the  estimation  of  the  glykocholic  acid, 
tanrocholic  acid  and  the  fatty  acids.  If  necessary,  it  should  be 
decolourized  by  means  of  recently  ignited  pure  animal  charcoal,  tbe 
latter  being  afterwards  thoroughly  washed  with  alcohol  and  tbe 
combined  alcoholic  fluids  concentrated  on  the  water  bath  and  brought 
up  to  a  known  volume.  The  specific  rotation  of  the  alcoholic  st*lutioD 
is  now  deternvined  (see  Vol.  I.  Ist  edition,  p.  7  e<  seq,). 

Either  the  whole  of  the  alcoholic  solution,  or  a  known  firactioD  of 
it.  is  now  evaporated  so  as  to  expel  the  alcohol ;  the  watery  solution 
of  the  residue  is  then  placed,  lege  artis,  in  a  thick  and  bard  tube  iii 
which  liave  been  previously  placet)  at  least  5  grms.  of  dry  caustic 
baryta.     The  tube  is  then  sealed  about  a  decimeter  above  the  level 
of  the  fluid,  and,  after  being  allowed  to  cool,  the  tube  is  thoroughly 
shaken  and  then  heated  in  the  oil  batli  at  110^ — 120'' C.  for  ten  01 
twelve  hours.     The  tube  is,  thereafter,  cautiously  opened,  the  liquid 
is  poured  into  a  beaker,  the  tube  thoroughly  washed,  and  CO,  l*^ 
then  passed  through  the  solution  until  no  further  precipitation  ot 
barium  carbonate  occurs.     It  is  then  heated  to  boiling  and  filtered» 
at  this  temperature,  through  a  hot-water  funnel. 


FW.  33.      A   HOT-WATKB    FUSSKL. 

The  projecting  tube  B  permltR  of  the  water  being  heated  to  boiling  during 
gress  of  filtration,  the  eteatn  being  allowed  to  escape  through  E. 

The   filtrate   contains  barium    cholalate,   l.esides  glycocine  ai* 
taurine,  whilst  the  precipitate  consists  of  barium  salts  of  the  fatt^ 
acids  and  of  oleic  acid,  mixeti  with  much  barium  carbonate.    Fro*^ 
this  precipitate,  the  fatty  acids  and  oleic  acid  are  obtained  bydecoa* 
posing  with  dilute  hydrochloric  acid,  repeatedly  extracting  with  eth--*' 
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and  evaporating  the  ethereal  solution  to  dryness.  The  aqueous 
BolutiuD  of  barium  cholalate,  &c.  is  concentrated  to  a  small  volume, 
the  solution  not  being  filtered  from  the  precipitate  which  separates; 
ether  is  added  to  it  and  then  dilute  hydrochloric  acid,  which  throws 
down  cholalic  acid.  The  liquid  is  allowed,  however,  to  remain 
exposed  to  the  air  for  some  days  so  as  to  permit  of  the  evaporation 
of  the  ether.  The  cholalic  acid  which  has  then  separated  is  collected 
on  a  weighed  filter,  washed,  dried  at  120''  C.  and  weighed.  If 
desired,  the  filtrate  may  be  freed  from  barium  by  means  of  amraonium 
carbonate  and  the  amount  of  ammonia  and  the  sulphur  in  it 
(representing  the  taurine)  determined. 

Knowing  the  amount  of  sulphur,  we  may  calculate  firstly  the 
amount  of  taurocholic  acid  which  it  represents,  and  secondly  the 
amount  of  cholalic  acid  which  would  result  from  its  decomposition, 
seeing  that  100  parts  of  taurocholic  acid,  when  decomposed,  yield 
72'22  parts  of  cholalic  acid.  If  we  deduct  this  quantity  of  cholalic 
acid  from  the  total  amount  which  is  obtained  as  a  product  of  the 
decomposition  of  the  mixed  bile  acids,  w^e  naturally  find  the  amount 
of  cholalic  acid  which  must  have  existed  as  glykocholic  acid»  seeing 
that  100  parts  of  cholalic  acid  represent  113'9S  parts  of  glykocholic 
acid. 

The  determination  of  the  rotatory  power  of  the  alcoholic  solution 
previously  recommended  serves  to  control  the  results  obtained  by 
the  method  just  de^acribed. 

If  a  be  the  observed  rotation  expressed  in  degrees  for  the  line  D 
of  a  column  of  the  solution  1  decimeter  thick,  and  m  the  amount  of 
taurocholic  acid  calculated  from  the  weight  of  the  barium  sulphate 
(the  Sp.  Rot.  {a)D  of  sodium  taurocholate  in  alcoholic  solution  being 
—  +  25  "3  and  of  sodium  glykocholate  +  27^'6),  then  the  amount  x  of 
glykocholic  acid  in  the  fluid  will  be  found  by  the  following  equa- 
tion : 


arss 


100.a-m.25  3 
27-6 


Detm^ninationa  of  the  Colouring  Matters  of  tlie  Bile. 

These  are  only  possible  by  the  method  of  spectro-photometry. 
As  we  know  the  optical  constants,  of  which  a  knowledge  is  needed, 
both  of  bilirubin  and  biliverdin,  it  is  perfectly  possible  to  determine 
the  absolute  and  relative  amounts  of  bilirubin  and  biliverdin  in  a 
bile  containing  one  or  other  or  both  of  these  constituents.  The 
methods  of  spectro-photometry  will  be  described  in  all  detail  in  the 
2nd  edition  of  Vol.  I. 
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^  Hie  ^U-stone  is  powdered  and  the  {>owder  is  repeatedly  tretted 
with  boiling  water,  which  extracts  the  bile  with  which  most  cakdi 
are  imbib^  The  reddue  is  dried  and  then  extracted  repeated 
with  a  mixture  of  equal  parts  of  iJcohol  and  ether,  which  removes 
the  cholesteiin.  The  insoluble  reudue  is  then  treated  with  dilute 
hydf<;>qhloric  acid^  when,  if  calcium  carbonate  be  present,  effsryeacenoe 
is  obBeirred.  The  insoluble  matter,  after  treatment  with  hydrocyDiic 
acid/  is  thoroughly  washed  with  water.  Afber  drying,  it  is  treated 
with  chloroform.  The  method  of  separation  and  puriBc&tipn  of  bili- 
rubin is  that  described  at  page  316.  The  hydrochloric  acid  eolation 
in  the  above  process  will  contain  any  copper  which  may  be  preeeai 
in  the  eonci^tion  and  which  will  be  readily  discovered,  by  Uie 
ordinary  tests. 

The  methods  of  quantitative  analysis  to  be  employed  depend 
somewhat  upon  the  constitution  of  the  calculus.  From  the  hints 
given  above  and.  from  the  full  information  given  previously  as  to  the 
determination  of  the  various  constituents  of  the  bile  whicii  occur  b 
gall-stones,  it  will  be  easy  to  conduct  the  quantitative  analysis  df  anj 
gall-stone. 


CHAPTER    IX. 

THE   INTESTINAL   CANAL   AND   ITS   SECRETION.     THE 
INTESTINAL  JUICE   OR   SUCCUS   ENTERICUS. 


Sect.  1,    Introductoky  Observations  on  the  Structure  of 
THE  Intestinal  Tube. 


The  Bmall  Intestine. 

The  small  intestine  is  a  convoluted  tube  which  commences  at 
pylorus  and  ends  in  the  large  intestine  or  colon,  the  i^pening  between 
the  two  being  guarded  by  the  so-ndled  ilit}-citi<iid  or  ilio-colic  valve. 
•*  Its  convolutions  occupy  the  middle  and  lower  part  of  the  abdomen 
and  are  surrounded  by  large  intestine.  They  are  connected  ^vith  the 
back  of  the  abdominal  cavity  and  are  held  in  their  position  by  a  fold 
of  the  peritoneum,  named  the  mesentery,  and  by  numerous  blood- 
vessels and  nerves." 

"The  small  intestine  is  arbitraiily  divided  into  three  portions, 
which  have  received  different  names ;  the  first  ten  or  twelve  inches 
immediately  succeeding  to  the  stomach  and  comprehending  the 
widest  and  most  fixed  part  of  the  tubu,  being  called  the  duodeuum, 
the  upper  two-fifths  of  the  remainder  being  named  the  jejanntn,  and 
the  lower  ihree-tifths  the  ileum.  There  are  no  distinct  lines  of 
demarcation  between  these  three  parts,  but  there  are  certain  pecu- 
liarities of  connections  and  differences  of  internal  structure  to  Ik* 
observed  in  comparing  the  upper  and  lower  ends  of  the  entire 
tube'." 

The  intestine,  small  and  large,  throughout  its  length  from  the 
pylorus  to  close  upon  the  rectum,  possesse-s  the  general  arrangements 
of  stmctures  which  characterise  the  whole  alimentary  canal.  "A 
thin  outer  longitudinal  muscular  layer,  covered  by  peritoneum,  is 
succeeded  by  a  thicker  inner  circular  muscular  layer,  and  this  double 
muscular  coat  is  separated,  by  a  subniucous  layer  of  loose  connective 
tissue,  carrying  the  large  blood-vessels,  from  the  mucous  membrane; 
the  latter  consists  of  an  epithelium  lying  upon  a  connective  tissue 
basis  of  a  peculiar  nature.     A  well-developed  muscularis  mttco8(e, 

<  Quain'fi  Jttatomy,  9th  ed.  Vol.  n.  p.  599. 
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composed  of  longitudinal  and  circular  fibres,  marks  off  the  mucous 
membrane  proper  from  the  underlying  submucous  tissue." 

"In  the  small  intestine  the  outer  longitudinal  muscular  layer  ifl 
evenly  distributed  over  the  whole  circumference  of  the  tube  and  is 
everywhere  much  thinner  than  the  inner  circular  layer,  which  is  the 
more  important  of  the  two.  The  individual  fibre-cells  of  tbe^e 
muscular  layers  of  the  intestine  are  large  and  well-developed.  In 
the  thin  sheet  of  connective  tissue  which  separates  indistinctly  the 
two  layers,  lies  the  plexus  of  Auerbach,  a  plexus  of  nerve-fibres,  for 
the  most  part  non-medullated,  at  the  nodes  of  wlfich  are  gathered 
groups  of  very  small  nerve-cells,  the  substance  of  each  cell  being 
especially  scanty.  This  plexus  supplies  the  two  muscular  layers  with 
nerve-fibres.  The  submucous  coat  contains,  besides  blood-vessels 
and  lymphatics,  a  somewhat  similar  plexus  of  nerve-fibres,  called  the 
plexus  of  Meiasner ;  from  this  plexus  fine  nerve-fibres  proceed  to  the 
blood-vessels,  to  the  muscularis  mucosae,  and  possibly  to  other 
structures*." 

The  mucoiu  "  This   is   thrown  into  folds  which  are  not.  as  in 

membrane  of  the  case  of  the  atomach,  temporary  longitudinal  folds, 
rugos,  but  permanent  transverse  folds,  the  mlvvlm 
connxventes,  reaching  half-way  or  two-thirds  of  the  way 
round  the  tube,  Each  fold  is  a  fold  of  the  whole  mucous  membrane, 
carrying  with  it  a  part  of  the  submucous  tissue,  the  latter  thus 
forming  a  middle  sheet  between  the  mucous  membrane  on  the  upper 
surface  and  that  on  the  lower  surface  of  the  fold.  The  folds,  which 
vary  in  size,  large  and  small  frequently  alternating,  begin  to  appear 
at  a  little  distance  from  the  pylorus ;  they  are  especially  well- 
developed  just  below  the  opening  of  the  bile  and  pancreatic  ducts, 
and  are  continued  down  to  about  the  middle  of  the  ileum,  where^ 
becoming  smaller  and  irregular,  they  gradually  disappear.  They 
serve  to  increase  the  inner  surface  of  the  intestine  and  present 
obstacle  to  the  too  rapid  transit  of  material  along  the  tube," 

"  Over  and  above  the  cowser  inequalities  of  surface  caused  by 
these  folds,  the  level  of  the  mucous  membrane  is  broken,  on  the  one 
hand  by  toi^ue-like  projections,  the  villi  and,  on  the  other  hand,  by 
tubular  depressions,  the  glands  or  crypts  of  LieherkCikn^'* 

DMcripuon  "  The  latter  are  very  much  smaller  and  are  m 

of  the  (fiindfl  numerous  than  the  former,  several  crypts  being  pku^ed 
m  the  interval  between  two  villi,  both  are  found 
on  the  projecting  valvula*  as  well  as  in  the  valleys  between,  and 
both  extend  along  the  whole  leng^th  of  the  intestine  from  the  pylorus 
to  the  ilio-csecal  valve ;  but  while  the  villi  vary  a  good  deal,  being 
short  and  few  immediately  next  to  the  pylorus,  very  numerous 
and  large  in  the  duodenum  and  upper  part  of  the  intestine,  less 

1  Dr  M.  Foflter,  A  Text-Book  0/  Phtftioloffiff  Part  11.  p.  441,  MacmiUftu  and  Oo«^ 
LondoD  and  New  York,  1889. 
^  Wd.  p.  442. 
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Dumerous,  smaller,  and  more  irregular  in  the  lower  part,  the  crypts 
I  have  nearly  the  same  characters  and  are  distributed  throughout. 
'  Very  much  as  in  the  case  of  the  stomach,  the  muscularis  mucosae 
'  runs  in  an  even  line  (except  for  the  sweep  of  the  valvula*  connivcntes) 
at  a  little  distance  from  the  bases  of  the  closely  packed  crypts^  and 
at  a  greater  distance  (viz.  the  length  of  the  crypts)  from  the  bases  of 
the  villi;  as  we  shall  see,  however,  the  muscularis  mucosee  sends  up 
muscular  fibres  into  each  vilhia" 

The  crypts  of  Lieberkiihn  are  lined  by  columnar  or  rather  cubical 
epithelium  which  ia  continuous  with  that  which  covers  the  intestinal 
surface  and  the  villi. 

"They  are  straight  or  nearly  straight  tubes  about  400/i.  long  and 
70^  broad.  The  outline  is  furnished  by  a  ver^'  distinct  basement 
membrane,  in  which  nuclei  are  imbedded  at  intervals,  aud  this 
basement  membrane  is  lined  with  a  single  layer  of  short  cubical 
cells,  leaving  a  small  but  distinct  lumen;  the  ceils  should  perhaps 
be  rather  described  as  somewhat  conical,  with  a  broiuler  base  at  the 
basement  membrane  and  a  narrower  apex  abutting  on  the  lumen. 
The  cell-body,  surrounding  a  somewhat  spherical  nucleus,  is  faintly 
granular  except  for  a  hyaline  free  bonier,  which  however  is  not  so 
conspicuous  or  so  constant  as  in  the  columnar  cells  of  the  villi. 
Similar  cells  cover  the  ridges  intervening  between  adjacent  glands, 
and  where  a  villus  comes  next  to  a  gland  the  short  cubical  cells  of 
the  gland  may  be  traced  into  the  columuar  cells  of  the  villus,  the 
hyaline  border  becoming  more  marked  and  the  mucous  becoming 
oval.  Among  the  cubical  cells  of  the  gland  are  to  be  found,  in 
vai^'^iug  numbers,  goblet  cells  quite  similar  to  those  of  the  villi...." 

**  Outside  the  basement  membrane  between  adjacent  glands  and 
between  the  blind  ends  of  the  glands  and  the  underlying  muscularis 
mucosse,  is  reticular  connective  tissue,  finer  and  more  truly  reticular 
than  that  of  the  villi ;  it  is  perhaps  less  crowded  with  leucocytes. 
In  this  reticular  tissue  nin,  encircling  the  glands,  capillary  blood- 
vessels supplied  by  small  arteries  coming  from  the  submucous  tissue, 
and  pouring  their  blood  into  corresponding  veins,  and  with  this 
reticular  tissue  lymphatics  are  connected....*' 

'*  Besides  these  glands  properly  so-called,  that  is  to  say  involutions 
of  the  epithelial  (hypoblastic)  mucous  membrane,  there  are  found  in 
the  mucous  membrane  bodies  belonging  to  the  lymphatic  system  also 
often  called  glands,  viz,  the  solitary  glands  and  the  agminated  glanda 
or  glands  of  reyer." 

The  Klandi  "  Immediately  below  the  pylorus  in  man,  but  varying 

of  Bnmnw.  somewhat  in  position  in  different  animals,  are  the 
glands  of  Bninner.  These  may  be  regarded  as  modifications  of  the 
pyloric  glands  of  the  stomach'.  In  each  gland  a  duct,  lined  with 
short  columnar  epitbelium  cells  leaving  a  distinct  lumen,  extends 

Heidenbain,  Areluvf.  mietMeop.  AnaK  Vol.  vm.  (1879),  p.  379. 
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Binglo  for  some  distance,  and  piercing  the  muscularis  mucosae  divides 
in  the  submucous  tissue  into  a  number  of  tubes,  which  subdividii^: 
take  a  twisted  course  and  eud  in  slight  enlargements  or  alveoli 
The  cells  lining  both  the  branching  tubes  and  the  alveoli  are  short 
cubical  cells  with  an  indistinct  outline,  similar  to  but,  in  a  fre^Ii 
condition,  more  distinctly  granular  than  the  cells  of  the  gastric 
pyloric  glands.  Bundles  of  plain  muscular  fibres,  stragglers  from  tin- 
muscularis  mucosae,  are  scattered  among  the  tubes." 

"These  glands  of  Brtinner  when  traced  back  to  the  stomach  are 
found  to  pass  gradually  into  the  pyloric  glands;  traced  along  lie 
intestine  tbey  soon  disappear.  The  ducts  of  those  glands  wbiob 
reach  into  the  duodenum  so  far  as  to  be  found  in  company  with 
the  glands  of  Lieberkuhn  and  the  villi,  open  into  the  lumina  of  the 
former.  It  is  not  clear  that  any  special  puq>08e  is  served  by  these 
glauds  of  Brunner ;  an  extract  of  the  glands  is  said  *  to  digest  fibrin  in 
the  presence  of  an  acid'."  m 

"The  villi  vary  in  size  and  form  in  different  animaHl 
and  in  difiereut  parts  of  the  intestine  of  the  ^me 
animal;  each  villus,  moreover,  varies  in  form  at  different  tim«; 
they  may  be  generally  described  as  having  the  shape  of  a  flalteued 
finger,  but  are  frequently  broader  at  the  free  end  than  at  the  base; 
they  have,  in  man,  a  length  of  about  1  mm.  and  a  breadth  of  from 
02  mm.  to  '5  mm.'"  The  villi  are,  like  the  mucous  membrane  iii 
general,  composed  of  lymphoid  connective  tissue  covered  with  » 
columnar  epithelium  of  somewhat  peculiar  charact-er,  amongst  which 
goblet  cells  occur,  resting  t>n  a  basement  membrane  composed  of 
flattened  cells.  Between  the  bases  of  the  columnar  cells  are  seen 
'  cells  with  a  relatively  small  quantity  of  cell-substance  roimd  ibt 
nucleus ;  these  have  been  taken  to  be  reserve  or  replacement  cellar  *_ 
and  in  addition  to  these  numerous  lymph  corpuscles.  4fl 

Each  villus  contains  a  central  l^'uiphatic  vessel,  or  lacteal,  whi(^^ 
at  its  upper  end  is  club-shaped  and  at  its  base  communicates  with 
the  lymphatics  of  the  mucous  membrane.     External  to  the  central 
lymphatic  are  tine  bundles  of  invohmtary  muscular  fibres^  which  are 
continuous  with  those  of  the  muscularis  mucosae,  and  the  contract 
of  which  will  necessarily  tend  to  compress  the  contents  of  the  lact< 
Still  more  external,  i.e.  between  the  layer  of  muscular  fibres  and  the 
basement  membrane,  are  a  small  artery  and  vein  (conducting  bloo*! 
to  and  from  the  villus  and  communicating  with  larger  vessels  in  the 
submucous  tissue)  and  a  plexus  of  capillaries  establishing  a  commii 
cation  between  them.     The  space  between  the  basement  membra 
and  the  central  lacteal  is  occupied  by  adenoid  tissue,  i,€.  by  a  retifoi 
or  reticular  connective  tissue,  the  meshes  of  which  are  occupied  hj 
leucocytes. 

'  P.  OrUtzner,  PflOger'a  drchivt  Vol.  jui.  (1876).  p.  290. 

*  Foster,  op.  cit.  p.  449.  '  Foster,  op,  cit.  p.  4J5, 

*  Ibid.  p.  447. 
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Sbct.  2.    The  RrnFonM  ok  Reticular  (Adenoid)  Coxnective 
Tissue  of  the  Intestinal  Mucous  Membrane. 

The  various  structures  which  occupy  the  mucous  membrane  of 
the  intestine  are  imbedded  in,  and  are  supported  by,  a  framework  of 
the  particular  variety  of  connective  tissue  which  is  known  as  retifbrm 
or  reticular  tissue — a  tissue  which  serves  a  similar  function  in  the 
lymphatic  glands  and  some  other  organs.  **It  is  composed  of  a  very 
fine  network  or  reticulum  of  connective-tissue  fibi-cs,  which  in  their 
behaviour  to  staining  reagents  and  in  their  general  microscopic 
appearance  closely  resemble  the  white  fibres  of  areolar  tissue*." 

It  was,  until  bitely,  believed  that  the  network  of  fibres  of  reticular  tissue 

&re  ori^niilly  formed  by  the  union  of  the  processes  of  connective  tissue 

cells,  aiid  as  a  result  of  transformHtioDS  of  the  protoplasm  of  these.     Tliis 

view   is   probably   incorrect.     The   tixed   cells   of   the   tissue,   whicb   were 

supposed  to  be  the  centres  from  which  the  anastomoHing  fibres  took  their 

origin,  are  now  beUeved  to  be  merely  "applied  to  and  wrap{>ed  round  the 

atrands  of  the  network,  which  may  thus  be  in  great  measure  concealed  by 

the  cellu.     The  tissue  then  appears  formed  of  a  network  of  branching  and 

anastomosing  cells,  and  was  for  a  long  time  so  describedy  but  if  the  cells 

are  brushed  away  or  otherwise  removed,  as  by  a  short  treatment  with 

dilute  alkali,  the  fibres  of  the  reticulum  come  cleai'ly  into  view.     The  true 

structure  of  the  tissue  was  first  pointed  out  by  Bixzozero'."     The  fibres  of 

retiibrm  connective  tissue  are  probably  in  no  sense  developed  from  the 

protoplasm  of  connective  tissue  cells,  but  are  produced  by  changes  occurring 

in  the  onginal  ground  substauce. 

"  The  view  which  supposes  that  a  direct  conversion  of  the  protoplasm 
of  the  connective  tisBue  cells  takes  place  into  fibres,  both  white  and  elastic, 
has  of  late  yeais  been  widely  adopted,  but  it  Koems  to  rest  largely  upon  a 
desire  to  interpret  the  fact  in  accordance  with  the  conception  (originally 
formulated  by  Heale  and  M.  Schultze),  according  to  which  every  jiart  of 
an  organised  body  consists  either  of  protoplasm  (formative  matter),  or  of 
materia]  which  has  been  protoplasm  (formed  material) ;  the  idea  of  a 
de|K)aition  or  change  occurnng  outside  the  cells  in  the  intercellular 
substance  being  excluded.  It  is,  however,  not  diflScult  to  shew  tJiat  a 
formation  of  fibres  may  occui*  in  the  animal  organism  without  a  direct 
transformation  of  protoplasm,  although  the  mateiials  for  sucli  formatiun 
I  may  be  furnished  by  cells.  Thus  in  those  ccclenteratcs  in  which  a  low 
form  of  connective  tissue  fiist  makes  its  appearance  this  is  distinguished 
by  a  total  absf^nce  of  cellular  elements,  a  ground-substance  only  l>eiug 
developed  and  fibres  becoming  formed  in  it.  Again,  the  fibres  of  the 
sliell-membrane  of  the  bird's  egg  aie  certainly  not  formed  by  the  direct 
conversion  of  the  protoplasm  of  the  cells  which  line  the  oviduct,  although 
they  are  formed  in  matter  secreted  by  those  cells,  and  it  is  through  their 
agency  that  the  de}X)ait  occurs  in  a  fibrous  form  "  (E.  A.  Schafer'). 

^  E.  A.  Schiifcr.  *  General  Anatomy  and  Histolog;y, '  Part  n.  of  Vol.  1  (SM  p.  239}  of 
(juaiu's  Afuitomy^  Londou,  Longmaas,  Ure«n  and  Co.,  1891. 
>  E.  A.  Schiifer,  op.  cil.  p.  210. 
*  E.  A.  Sahaf«r,  op.  cit.  p.  242. 
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In  lymphatic  glands,  as  well  as  in  the  mucous  membrane  of  the 
iutestiue,  tlie  meshes  of  reticular  tissue  contain  cells  which  clcaely 
resemble  the  colourless  cells  of  the  blood  and  of  the  lymph.  These 
are  denominated  lymphoid  cells  and  the  term  adenoid  or  lymphoid 
connective  tissue  is  applied  to  the  i-ctiform  or  reticular  tissue  in  the 
above  situations. 


Vt  r»-  In  the  course  of  his  researches  on  the  structure  o( 

Marcbaa.  reticular  or  retiform  tissue.  F.  P.  Mall  was  led  to  the 

conclusion,  lately  abundantly  justified,  that  the  fibres  are  not 
identical  in  chemical  composition  with  the  white  fibres  of  areola 
tis8U&  He  was  at  first  inclined^  to  look  upon  them  as  composed  of 
a  substance  closely  resembliuL^  elastin,  though  he  subsequently 
arrived  at  the  correct  conclusion  that  the  substance  is  neiflier 
identical  with  that  of  white  nor  of  yellow  clastic  fibres*.  F.  Mall 
having  Bubjected  reticular  tissue  to  the  action  of  boiling  water  for 
long  periods,  found  that  the  aqueous  extracts  did  not  gelatiuitt. 
He  discovered,  however,  the  fact  that  reticular  tissue  is  not  affected 
by  long  digestion  with  trypsin. 

R.  A.  7ouns*fl  Under  the  direction  of  Professor  Halliburt<in,  Young 
r»«earchoi.  re-invesbigated  the  tjuestion  as  to  whether  reticulir 
tissue  is  identical  with,  or  differs  from,  wliite  fibrous  tissue.  Hfi 
shewed  that  Mall  had  been  led  into  error  in  supposing  that  whea 
reticular  tissue  is  boiled,  no  gelatin  is  formed,  but  he  unfortunaielj 
allowed  himself  to  arrive  at  a  conclusion  which  was  not  warrantea 
by  the  facta  discovered  and  which  tended  to  obscure  the  perfe<alj 
correct  opinion  which  Mall  hud  formed  as  to  the  individuality  of 
reticular  tissue. 

Young  summarised  his  researches  as  follows :  "  The  general 
outcome  of  this  research  is  that  retiform  tissue  as  contained  in  the 
alimentary  mucous  membrane  and  lymphatic  glands  yields  a  small 
amount  of  gelatin,  which  is  however  capable  of  being  estimat^l 
quaalitatively.  There  are  therefore  no  gi-ounds  for  supixising  witb 
Mall  that  the  fibres  which  compose  the  reticulum  are  ditfereni  from 
tlje  white  fibres  in  other  connective  tissues.  Microscopically  tbey 
have  the  name  characteristics,  and  the  present  research  shows  thit 
they  are  also  the  same  in  chemical  composition*." 

sieKtried'i  lu  a  dissertation  published  at  the  close  of  the  year 

nsflarche-.  ■,gc)2*.  Siegfried  shewed  that  the  purified  reticalar 
tissue  of  the  intestine  is,  as  Mall  ha.d  supposed,  entirely  distinct  io 
chemical   composition  from   white  fibrous  tissue.     When  boiled  in 

*  F.  P.  Mall.  'Die  Blut-  und  Lymphwege  im  Dtmndarm  dca  Handes/  Abhm^  i 
maiK-vhyi.  Ci.  d.  kdnifiL  nikh*.  Of*,  d.  Wiu,  Vol.  xiv.  {1887)»  No.  ul 

*  F.  P.  Mall.  'Das  retioulirte  Oewebe.'  Ibid.  Vol.  x\n.  (1891),  No.  irr. 

*  B.  A.  Young,  B.Sc,  '  Tlie  Fibrea  of  Ketiform  Tiwiue.'  (from  the  Ph^ologial 
Xiaiboratoty,  King'6  College,  London),  Journal  of  Phygiolvffy,  Vol.  xtn.  (189t^),  pp.  333 
-384. 

*  Dr  Max  Siegfried,  *  Uelier  die  chemischen  Eigenscbafteo  de«  retietUirtao  0» 
webee*  {HabilitatioDBsohriCt,  &c.}t  Leipzig,  Dec.  lbl^2. 
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water  for  a  period  of  only  20  minutes  it  splits  up,  with  the  formation 
of  a  powdery,  phosphorus-containing  proteid,  reticulin,  a  small 
uuantity  of  gelatin  being  formed  at  the  same  time.  Reticular  tissue 
thus  uppe^irs  to  be  formed,  either  of  a  microscopically  undistinguish- 
tble  mixture  of  reticidin  and  collagen  (a  \'iew  which,  in  addition  to 
its  inherent  improbability,  is  disproved  by  the  fact  that  collagen  does 
not,  like  reticular  tissue,  yield  gelatin  when  merely  boiled  for 
20  minutes),  or  of  a  substance  which  when  boiled  with  water  splits 
up  into  reticulin  and  gelatin.  It  is  thus  as  difiFerent  from  white 
fibrous  tissue  as  it  is  from  elastin. 


Pnpftzatlaa 

of  purified  re- 
tUonn  tlBBue 
tNn  tbe  lutes- 
tun    mucoaB 


Reticulin, 

The  mucous  membrane  of  the  pig's  intestine  is 

employed  for  the  preparation  of  pure  reticular  tissue, 
in  preterence  to  that  of  other  animals,  because  of  its 
comparative  freedom  from  yellow  elastic  and  white 
fibrous  tissue.  A  separation  of  the  mucous  membrane 
from  the  submucosa  is  very  readily  effected.  The  luw 
mucous  membrane  (Siegfried  employed  each  time  that  obtained  from 
the  intestines  of  from  8  to  17  pigs)  is  broken  up  and  washed  in  large 
qaaDtities  of  water,  during  which  process  any  accidentally  adhering 
iragmeats  of  submucous  tissue  are  further  separated.  Then  it  is 
dig(wted  at  a  temperature  of  37"  C.  with  a  solution  of  trypsin  con- 
taining NaHCO^  and  Na^CO„*,  thymol  or  chloroform  being  employed 
to  prevent  decomposition.  By  this  process  of  di^^estion,  the  lymphoid 
cells  are  got  rid  of,  their  protoplasm  being  dissolved,  whilst  their 
liuclei  are  partly  dissolved  by  the  alkaline  solution  and  partly  remain 
suspended  in  it  At  the  end  of  forty-eight  hours,  the  tissue  which 
has  been  subjected  to  this  process  is  poured  iuto  open  vessels  and  ia 
stirred  and  kneaded  with  large  quantities  of  water  which  are  fre- 
*iuently  renewetl.  In  order  to  separate  it  from  water,  without  contami- 
nation with  accidental  impurities,  the  tissue  is  centrifugalised  and 
thetj  repeatedly  treated  with  alcohol  and  again  centrit'ugallsed.  The 
tissue,  which  has  been  thus  freed  from  water,  is  placed  iti  large 
Soxhlet  fat-extracting  apparatuses  and  digested  with  ether  for 
several  days.  Having  been  thus  freed  from  fat,  it  is  again  digested 
*luring  a  period  of  48  hours  with  a  more  concentrated  trypsin 
filiation  than  was  employed  the  first  time.  The  washing  with 
^ater,  alcohol,  and  ether  is  repeated  as  before,  when  the  reticular 
tissue  is  obtained  in  strands  of  a  light-grey  colour,  which  swell  up 
*u  Water,  forming  delicate  porous  membranes  possessing  the  structure 
^f  tbe  original  mucous  membrane.  When  examined  microscopically, 
"i?sc  membranes  appear  to  be  composed  of  pure  reticular  tissue,  free 
from  the  white  fibres  of  connective  tissue  and  from  lymph  cells. 

.  '  ^i»Rfried  employed  25  to  30  gnni.  of  the  so>called  {rery  active)  pancreeUin  madb 
^  Ptrke,  Davifl  and  Co.  of  Detroit,  U.S.A.,  60  grms.  of  NaHCO,.  «om«  Na,GO,  and 
^  Utrw  of  water. 
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Preparation 
of  retlculln. 


MTien  puri6ed  reticular  tissue  is  boiled  with  water 
for  30  minutes,  or  even  only  for  15  minutes,  it  loseaiti 
structure  and  becomes  converted  into  a  light  powdery  body.  If  tbe 
liquid  be  filtered  and  the  clear  filtrate  concentrated  and  then  cooled 
it  gelatinises.  The  Bolutiou  answers  to  all  the  tests  for  gelatin,  of 
which  the  quantity  formed  is.  however,  very  small. 

The  powdery  body  above  referred  to,  having  been  repeatedly 
boiled  with  water,  is  thoroughly  washed,  first  with  water,  afterwardi 
with  alcohol,  lastly  with  ether;  it  is  then  dried,  either  at  110"  Cor 
at  the  temperature  of  the  air  over  sulphuric  acid. 

phyBicai  and  Reticulin  is  insoluble  in  water,  alcohol,  ether,  cod- 

chemicai  pro-  centrated  salt-solutions,  lime  water,  solution  of  sodium 
BM^ea  of  reu-  carbonate,  and  dilute  mineral  acids.  Dilute  solution  of 
caustic  soda  at  ordinary  temperatures  requires  veda 
to  dissolve  it.  Reticulin  gives  the  biuret  and  the  xanthoproteic 
reaction,  but  not  Millon's  reaction;  though  it  is  difficult  to  obtains 
preparation  so  pure  tlmt  when  treated  with  Millon's  reagent  it  doei 
not  assume  a  feeble  red  colour.  When  only  once  digested  wiih 
pancreatin,  it  always  shews  this  reaction;  hence  the  reason  for  twice 
repeating  the  process,  as  directed  previously.  When  reticulin  is 
boilud  with  glacial  acetic  acid,  it  ps^ly  dissolves  and  the  sohitiuc 
exhibits  Adamkiewicz's  reaction. 

Reticulin  is  an  organic  compound  containing  curbon.  hydrogen 
nitrogen,  sulphur,  pliosphorus  and  oxygen;  it  cannot  be  obtained 
free  from  ash.  The  latter  contains  sodium,  but  no  potASsium,  amtll 
quantities  of  calcium  and  magnesium,  phosphoric  acid,  chlorine  and 
sulphuric  acid. 

The  following  exhibits  the  mean  of  the  analyses  made  br 
Siegfried : — 

Carbon  52-88 

Hjdrogea  6*97 

Nitrogen  15*63 

Sulphur  1-SS 

Phoapliorua  0'34 


Mineral  matters 


2-27 


Reticulin  is,  as  will  be  seen  from  the  above  data,  characterised 
by  a  high  percentage  of  sulphur.  When  heated,  even  for  many  dap 
with  water  at  a  temperature  of  140^  it  gives  off  uo  sulphuretliii 
hydrogen.  The  sulphur  is,  however,  in  pait  at  least,  separated  whtD 
reticulin  is  boiled  with  strong  solution  of  caustic  soda  or  with  strong 
hydrochloric  acid. 

The  phosphorus,  which  reticulin  ct>n tains,  is  in  organic  combinatinQ. 
as  proved  by  the  following  fact.  When  I  gramme  of  reticulin  i:^ 
digested  with  constant  shaking  at  a  temperature  of  25°  C.  with  dilutt 
nitric  acid  ^containing  4-1  "/^  of  NO,.  OH),  the  solution,  when  tested 
with  ammonium  molybdate,  is  found  to  contain  no  phosphoric  acii 
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even  though  it  has  been  previously  boiled  with  concentrated  nitric 
acid.  Were  the  phosphorus  of  reticulin  dependent  on  admixture 
with  nuclein,  dilute  nitric  acid  would  extract  from  it  metapbosphoric 
acid,  and  after  boiling  with  nitric  acid  the  reactions  of  tribasic 
phosphoric  acid  would  be  obtained. 

When  heated  with  diluted  solutions  of  the  caustic  alkalies 
reticulin  yields  a  phosphoruB-free  proteid  body  and  a  phoaphorus- 
containing  organic  compound^  which  is  soluble  in  chloroform  and 
alcohol,  but  insoluble  in  ether  or  water;  it  is  therefore  clear  that  the 
phosphorus  of  reticulin  is  not  due  to  a  nuclein  residue. 

As  already  stated  (note  5,  p.  244)  reticulin  when 
subjected  to  long  boiling  with  stannous  chloride  and 
hydrochloric  acid  yields  as  chief  products  of  decom- 
position, amido-valerianic  acid,  besides  sulphuretted 
hydrogen,  ammonia,  lysine  and  lysatinine,  but  neithei' 
leucine  noi'  tyrosine. 


Products  of 
tb0  dooompoBl- 
tlon  of  retl- 
eolin  when  de- 
composed with 
hydrochloric 
Add. 


Sect.  3.    The  Intestinal  Juice  or  Succus  Entericus. 

By  the  name  of  intestinal  juice,  or  succus  enteincus,  we  designate 
the  liquid  which  is  secreted  by  the  glands  found  in  the  mucous 
membrane  of  the  small  intestine.  Although  wo  are  now  in  posses- 
sion of  iugeiiiuuK  methods  which  enable  us  to  make  valuable  observa- 
tious  on  the  processes  of  intestinal  digestion,  the  difficulties  of  obtain- 
ing sufficient  quantities  of  intestinal  juice,  under  pei'fectly  norttml 
conditions,  are  so  great  as  to  lead  us  to  attach  very  little  value  to  the 

Sublished  quantitative  analyses  of  the  secretion.     Moreover,  it  seems 
kely  that  the  intestinal  juice   is  not  absolutely  identical   in  all 
sections  of  the  intestinal  tract. 

In  the  duodenum^  for  instance,  the  secretion  of  the  glands  of 
Lieberkuhn  is  mixed  with  that  of  the  ghinds  of  Brilnner.  the  function 
of  which  is  but  imperfectly  uuderstood.  In  some  animals,  these 
glands  appear  to  have  the  structure  and  the  functions  of  the  pyloric 
glands  of  the  stomach  ;  in  others  they  probably  are  rather  analogous 
to  the  pancreas.  But  leaving  the  duodenum  out  of  the  question,  we 
are  already  in  possession  of  facts  which  indicate  that  the  amount  of 
secretion  and  its  chemical  activities  are  by  no  means  identical  in  the 
upper  and  the  lowcn-  reiwhes  (if  we  may  use  the  expression)  of  the 
intestinal  canaL     These  facts  will  be  referred  to  in  the  sequel. 


The  MetJwds  of  obtaining  Ijitestinal  Juice. 

The  earlier  workers  either  made  observations  on  the  contents  of 
the  small  inteatiuea  of  animals  which  had  for  a  long  time  been 
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deprived  of  food  (Tiedemann  and  Gmelin',  Bidder  and  Schmidt*), 
or  isolated  loops  of  intestine  in  living  animals  by  ligatures  odJ, 
having  rL'placed  them  lu  the  abdominal  cavity,  for  a  period  of 
honi*s,  examined  the  fluid  which  had  accumulate<i  and  which  the 
took  to  represent  the  normal  intestinal  secretion  (Frerichs)*.  If  »« 
except  the  observations  made  on  some  cases  of  intestinal  fistula  in 
man,  especially  those  of  Busch  and  Demant,  our  knowledge  of  the 
intestinal  jnice  has  been  obtained  almost  entirely  by  the  aid  of  the 
experimental  methods  devised  by  Thir}'  and  by  Vella. 

Thirv'  flatniA.  ThiT}'*  conceived  the  remarkably  ingenious  idta  of 
isolating  a  portion  from  the  rest  of  the  small  intestine. 
and  establishing  a  fistulous  aperture  between  the  isolated  piece  and 
the  abdominal  wall.  An  incision  having  been  made  in  the  lit 
alba  of  a  fasting  dog,  and  the  abdominal  cavity  having  been  opew 
a  coil  of  intestine  is  drawn  out,  and  is  carefully  cut  across  at  poll 
10  to  15  cms.  distant  from  one  another,  care  being  taken  that 
large  vessels  pass  between  the  intestine  and  the  mesentery  vihen 
the  incisions  ore  made.  Avoiding  injury  to  the  mesentery,  tb« 
upper  and  the  lower  ends  of  the  intestinal  tube,  from  which  the 
above  segment  has  been  eliminated,  are  now  most  carefully  united 
by  interrupted  sutures,  the  continuity  of  the  alimentary  canal  beiuj 
thus  re-established.  The  second  part  of  the  opemtion  now  com- 
mences. One  end  of  the  resected  intestine  is  closed  by  a  series  of 
sutures ;  the  other  end  is  then  stitched  to  the  upper  or  the  lower 
end  of  the  incision  in  the  abdominal  wall.  Thus  is  established 
a  cid  de  sac  communicating  with  the  exterior  of  the  body,  an*! 
the  walls  of  which  are  composed  of  intestinal  mucous  membraue. 
Although  Thiry's  operations  were  performed  without  antiseptic 
precautions,  recovery  occurred  in  several  cases.  Under  our  present 
conditions,  if  performed  by  a  competent  operator,  the  operation  would 
almost  invariably  result  in  the  recovery  of  the  animal. 

Talla'B  double         Thiry's  original   operation  has  been  abandoned  in 
^^^^^  favour  of  an  ingenious  modification  first  devised  and 

carried  out  by  Vella^     As  the  procedure  is  one  of  great  practical 

^  Tiedemann  and  Gmelin,  Die  V^rdamtttff  naeh  Venucheiij  Vol.  i.  pp.  103— IOScdS 
pp.  154—162. 

^  Bidder  and  Schmidt,  Die  Verdauungisiifle  und  tier  Stoffwechtel,  MttftO  vaa 
Leipzig.  1852,  p.  260  et  nq. 

*  Prerichs,  article  *  Verdaaung '  in  Wagner's  UandworUrbuch  d.  I'htjtiolOfiie,  Vol.  nu 
p.  851. 

*  Thiry,  '  Ueber  eine  neue  Metbode.  den  Dtinudorm  zu  isolieren.*  SiUut^fiihfT.t, 
Wientr  Akndemif,  Vol.  u  {ISi'A),  p.  77. 

*  Ladwig  Vella,  'Ein  Dvue«  Vcrfabreii  zur  Gewinnung  reincn  Damuaftea  nsd  tu 
FestHtelluiig  seiner  physiologischen  Eigen»cbaften,'  Molesobott'A  Uuter^uchunffm,  Vol. 
xni.  (liBSl),  p.  -10;  'Kouvelle  m^tbodo  pour  obtenir  le  buo  eni^qne  pur  et  poot 
en  fixer  let  proprifit^a  phjsiologiqnes  (IWsuraf),*  Archivet  Italiftme$  de  liiologie,  VoLl 
^1B81),  p.  228.  The  6rst  paper,  which  the  Author  has  not  seen,  was  entitled 
'Kuovo  metodo  per  avere  il  8ucco  enterico  puro  e  stabilirue  \v  proprieti  fiiiologicte 
Memoric   ddV  Accademia   delU   Seienza   delV  Utituto   di   Bolotjna,  8er.   4,   Tom.  P* 

Faaa  S*. 
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importance  to  the  physiologist  and  the  phannacologist.  the  Author 
thinks  it  U8ef\il  to  describe  the  operatiou  in  detail  and  to  mention 
modificationa  which  experience  has  shewn  to  be  necessary  and  to 
lead  to  almost  invariable  success. 

The  abdominal  wall  of  a  fasting  dog  (preferably  a  bitch)  is  shaved 
and  thoroughly  disinfected  by  repeated  washing  with  soap  and  water 
and  then  scrubbing  with  a  1  per  niille  solution  of  corrosive  sublimate. 
The  ioBtrunients  to  be  employed  are  sterilised  and  the  operator  and 
Msistants  observe  the  strictest  rules  of  antiseptic  surger}'.  The 
animal  having  been  deeply  ansesthetised,  by  means  of  morphia  and 
chloroform,  an  incision,  about  5  centimetres  long,  is  made  through 
the  alxiominal  wall,  in  the  linea  alba.  A  thoroughly  sterilised  piece 
of  Hot,  or  linen,  is  then  wrung  out  of  a  sterilised  solution  containing 
0*6  per  cent,  of  NaCl  and  5  per  cent,  of  carbolic  acid,  at  a  tempera- 
ture of  40'  C.  and  this  is  placed  over  the  abdominal  wall  of  the  dog. 
The  operator  then  proceeds  to  select  the  part  of  the  intestine  where 
the  tislula  is  to  be  established.  Drawing  out  a  loop  iucludiug  the 
selected  portion,  lie  protects  it  from  atmospheric  impurities  and.  so 
far  as  possible,  prevents  too  great  a  lowering  of  temperature,  by 
covering  it  ^vith  cotton  or  Unen  cloths  wrung  out  of  the  warm 
antiseptic  solution.  The  portion  of  intestine  to  be  isolated  may 
be  between  200  and  500  millimetres  in  length,  though  the  ditHculties 
*re  much  greater  in  the  latter  than  the  former  case.  The  first  stage 
<>f  the  operation  is  performed  as  described  previously  (Thirj^'s  fistula). 
The  second  stage  is,  however,  different  and  presents  greater  diffi- 
culties. Instead  of  closing,  by  sutures,  one  end  of  the  isolated 
portion  of  intestine,  and  establishing  a  ctd  de  sac,  its  two  ends  are 
Separately  sewn  to  the  incision  in  the  muscular  wall  of  the  abdomen, 
oiae  in  front  of  the  other.  Two  openings  are  thus  established,  one  in 
'nmt  of  the  other,  of  which  one  communicates  with  the  proximal  and 
the  other  with  the  distal  portion  of  the  isolated  intestinal  tube. 

The  operation  of  fixing  the  ends  of  the  intestine  to  the  incision 
in  the  abdominal  wall  is  facilitated  by  previously  passing  long 
ligatures  through  either  end.  These  serve  to  pull  upon,  and  to  holdf, 
the  ends  in  any  required  position  and  to  prevent  their  slipping  back 
into  the  alxiominal  cavity  during  the  operation.  It  is  highly  advi- 
»ble,  also,  before  proceeding  to  fix  the  two  ends,  i.e.  as  the  very  first 
itep  in  the  second  stage  of  the  opcmtion,  to  make  a  longitudinal 
ncision  about  two  centimetres  in  length  through  the  walls  of  each 
md  of  the  gut  and  then  to  pass  sutures  through  the  peritoneal  coat 
b  little  distance  on  either  side  of  this  incision.  By  tying  these,  the 
umen  of  the  gut  is  narrowed  at  botli  ends,  the  object  being  to 
prevent  prolapsus  of  the  intestinal  mucous  membrane,  an  event 
vhicb  otherwise  invariably  occurs  both  in  the  case  of  Thiry's  and 
Bella's  fistula?,  at  periods  varying  between  two  or  three  months  from 
■he  operation '. 

'  At  the  present  time  the  Author  is  experimenting  on  a  do«  in  which  a  VeUaV 
lilaU  WW  establuhed  on  Jan.  5,  1893,  the  precaution  of  narrowing  the  gut  at  it^ 
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The  following  details  must  be  remembered  in  fixing  the  ends  of 
the  intestine  to  the  incision.     On  no  account  must  tbe  sutures  pass 
through  the  free  edge  of  the  two  ends  of  the  gut ;  they  should  on 
the  contrary  pass  through  the  peritoneal  wall  of  the  gut  about  8  mm. 
from   the   free  edge  and  then  through   the  edges  of  the  muscular 
wound.     In  this  way  the  two  free  enils  of  the  gut  project  a  little 
above  the  bottom  of  the  wound  and  after  the  process  of  healing  is 
complete  two  perfectly  accessible  fistulous  apertures  are  established. 
For  two  or  three  days  after  the  operation  dogs  which  have  been 
subjected  to  the  operative  procedure  above  described  should  only 
be  supplied  with  water.     About  the  third  day  they  may  be  placed 
on  a  milk  diet,  which  should  be  continued,  at  least,  until  the  bowels 
have  been  moved.     If  the  dog  be  then  appirently  normal  it  may  be 
placed   on  an  ordinary   diet.     To   concluae  the    description  of  the 
operation  and  the  treatment  of  the  dog  it  may  be  added  that  the 
one  essential  to  success,  which  is  almost  invariable*,  is  the  performance 
of  the  operation   under  the  strictest  antiseptic  precautions:   when 
completed,  however^  no  dressings  should  be  applied  to  the  wound 
In  the  course  of  about  a  week  it  will  be  nearly,  if  not  completeh, 
healed  and  observations  may  be  commeuced 


The  Secretion  of  Intestinal  Juice  and  the  Conditions  which 
influence  it. 

Although  the  statements  of  authors  are  not  absolutely  conconlwil, 
nearly  all  who  have  made  observations,  either  on  pathological  fistulff 
in  man,  or  on  dogs  with  fistulas  established  either  by  the  methods  af 
Thiry  or  of  Vella,  agree  in  saying  that  in  the  absence  of  chenuoal 
mechanical,  or  ulectric^il,  stimuli,  either  no  secretion  is  poured  outbj 
the  intestinal  mucous  membrane  or,  at  most,  a  very  small  amount 

W,  Busch',  who  studied  tlie  secretion  of  the  intestinal  juice  in  a 
wotunu  with  a  fistula  of  the  upper  part  of  the  small  intestine,  fouod 
that  in  the  absence  of  stimuli^  so  little  fluid  was  secreted  that  it  vM 
not  able  thoroughly  to  moisten  a  small  piece  of  litmus  paper  inserted 
into  the  gut.  Deraant*,  on  tbe  other  hand,  who  made  obser^'atioa* 
on  an  intestinal  fistula  in  a  man  {affecting,  it  would  appear,  the  lotffff 
paH  of  the  »iiudl  intestine),  observed  a  very  scanty  secretion,  in  the 

extremttiee  in  tbe  m&nncr  above  described  havioK  been  taken.  The  sncoeu  of  the 
proeedurc  hae  hixn  absolute,  not  tlic  Bli^litest  |>rolApBUB  of  the  mucous  membniK 
having  occurred  (July  29,  1893). 

1  How  great  is  the  influence  of  antiBeptic  methods  on  the  HitoceM  of  the  eipari- 
mental  phyuiologlst  is  proved  by  the  fact  that  whereas  if  they  are  adopted  death  u  • 
result  of  eHtoblinhing  a  Vella  fistula  ia  very  rare,  ftrithout  them  the  murtality  i»  wy 
high,  12  out  of  18  doge  operated  upon  by  Vella  having  died  from  the  Immediate  moU* 
of  the  operation. 

"  Prof.  W.  Bufloh, '  Beitrag  zur  Phyaiologie  d.  Verdaunngsorgane,*  Virohow's  JwWf. 
Vol  XIV.  (1858),  pp,  140— 18G. 

'  B.  Demant.  Ueber  die  Wirkung  dot  mensohlichen  Darmsafta.  Tirchow's  JrcAit, 
Vol  Lxxv,  (1879),  pp.  419—430. 
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d»enoe  of  stimuli  and  in  the  fasting  condition,  but  the  secretion 
became  much  more  abundant  aft-cr  food.  Thiry',  Quincke',  Maslotf", 
Gumilewski*,  Vella*,  all  substantially  agree  iu  stating  that  in  the 
abwDce  of  stimuli  the  secretion  of  the  intestinal  juice  is  either  in 
abeyance  or  at  most  very  scanty.  Whether  the  secretion  be  com- 
pletely absent  or  only  scanty,  during  the  resting  and  fasting  con- 
ditions, there  can  be  no  doubt  that  after  food  bos  been  taken  secretion 
occurs,  though  not  immediately,  the  amount  probably  increasing  up 
to  the  6th  or  7th  hour  of  digestion^  We  are  not  as  yet  in  possession 
of  data  as  to  the  amount  of  secretion  poured  out  by  different  segments 
of  the  intestinal  mucous  membrane  during  the  digestive  act.  The 
tiifficulties  of  the  investigation  are  remarkably  great  and,  indeed, 
appear  almost  insuperable.  It  is  obvious  that  the  secretion  poured 
out,  during  digestion,  by  an  isolated  portion  of  the  intestine  which  is 
not  affected  by  the  normal  stimulus  aflfortled  by  the  intestinal  con- 
tents can  only  imperfectly,  if  at  all,  quantitatively  represent  the 
K)ee38  going  on  in  the  rest  of  the  intestine. 
Rohmann,  from  comparative  observations  on  three  dogs  with 
lla-fistulffi,  afl  well  as  fixim  an  examination  of  the  data  of  previous 
observers,  has  established  a  strong  presumption  in  favour  of  the  view 
that  the  secretion  of  intestinal  juice  is  much  more  abundant  in  the 
lower  than  the  upper  part  of  the  small  intestine'. 

The  mere  introduction  of  a  catheter  or  pieces  of 
sponge  into  the  gut,  through  a  Vella-fistula,  is  sufficient 
to  provoke  a  secretion  of  the  intestinal  juice.  The 
mucous  membrane  forming  the  edges  of  the  fistula 
becomes  injected  and  from  time  to  time  small  drops  of 
liquid,  mixed  at  first  with  masses  of  mucns.  rich  in  exuviated 
epithelium,  exude.  The  amount  and  character  of  the  mucus  depend, 
in  no  small  degree,  upon  the  intensity  of  the  stimulant,  which  very 
readily  gives  rise  to  a  pathological  reaction. 

Tbiry,  by  mechanical  stimulation  of  a  tiatula,  obtained  from  a 
surface  of  intestine  estimated  at  rJO  Sfjuare  centimetres,  secretion  at 
the  rate  of  4  grms,  per  hour.  Other  observers  obtained  smaller 
amounts;  but  the  data  possess  no  value,  seeing  that  the  stimuli  were 
of  unknown  intensity  and  provoked  a  secretion  which  was  probably 

ormal  in  amount,  and  certainly  abnormal  in  character. 


Effects  of  mft- 
*^hff\p^^1  and 
«l«otrtcal  «U- 
jnnlAtLon  of  tbe 
inacous  mem- 
Inane. 


^^1< 


*  Thiry,  '  Ueber  eine  neus  Methode,  ic.'  (see  p.  406). 

>  Quincke,  *  Ueber  die  AusticheidnnK  von  Ar7.ni>ifttofTeD  dari;h  die  Darmachldm. 
hmnt/  Arehivfilr  Anat,  u.  Phyttiol.  1868.  pp.  160—164. 

'  A-  Masloff,  *  Zor  Dunndami%'erdatiQnp.'  Ihitermchuntftn  a.  d,  phy$iol,  IiuUhtte  xu 
Uiidttherg,  n.  (1882).  pp.  2iK)— 306,  see  p.  300. 

*  Gumilewaki,  Pnii««r'B  Archh\  Vol.  xxxix.  (1886),  p.  656. 

*  Vellft,  op.  cH.  (see  references,  p.  406). 

'  HoideDhain. '  Physiologie  d.  AbsoDderungiivorgiiuge.'  Hermann's  Handbuch^  Vol.  v. 
I.  p.  170. 

*  Dr  F.  BOhm&nn,  *Ueber  Secretion  und  ReBorption  im  Dunndarm*(Au8  d.  pbysiol. 
lattitat  zn  Brealaa),  Pfliiger's  Archtv,  Vol.  xLt.  (1U47|.  pp.  411 — i&l. 
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Electrical    stitnulation   of   tbe    mucouB    membrane    poi 
excites  the  flow  of  intestinal  juice  (Thiry),  but  here  again  it 
obvious  that  we  have  no  guarantee  that  the  liquid  secreted  prei 
its  Dormal  characters. 


Effects  of 
cHenUc&l  Btl- 
jnuUUo&oftlie 
macouB  mem- 
Uraue. 


lAt«Unal 

creUon. 


Leuret  and  Lassaigne  applying  acetic  acid  to 
iDtestiual  mucous  membrane  observed  secretion  to 
follow  \  The  researches  of  F.  Rohmann  have  proved 
very  conclusively  that  solutions  of  starch,  sugars  and 
peptones  into  the    intestine   provoke  the  secretion  of 

intestinal  juice,  and  these  observations  the  Author  can  independeutl)' 

confirm. 

Bffftotsofpi-  By  iojectinff  pilocarpin  into  the  blood,  Vella,  and 

locarpin  on  the  afterwards  MasTon,  obtained  a  tolerably  abundant  flow 
*  *— '  Be-  ^J^'  apparently  normal  intestinal  juice.  In  a  dog  with  a 
fistula,  Vella  obtained,  under  the  influence  of  pilocarpin. 
14  c.c.  of  intestinal  juice  in  35  minutes,  and  on  another  occadoD 
18  grras.  in  one  hour.  Masloflf,  after  an  injection  of  001  gnu.  of 
hydrochlorate  of  pilocarpin,  obtained  from  one  fistula  40  c.c.  of  sucai* 
eutericns  in  2  hours.  That  the  result  is  one  which  is  not  obtnioi^i 
uiider  all  conditions  is  shewn  by  an  experiment  n^ade  by  the  AtitUir. 
To  a  dog,  with  a  Vella  fistula  of  the  upper  part  of  the  jejunum,  but 
which  had  been  fasting  for  24  hours,  he  administered  0*07  grtn.  of 
hydrochlorate  of  pilocarpin  by  subcutaneous  injection,  and  aithougb 
abundant  salivation  with  flow  of  the  nasal  and  lachrymal  secretions 
occurred,  no  secretion  whatever  of  intestinal  juice  followed.  The 
ant.tmalous  result  in  this  case  may  have  been  due  either  to  the  fact 
that  the  portion  of  the  intestine  experimented  upon  was  situat«Kl 
at  the  very  commencement  of  the  jejunum,  whilst  in  Vella's  and 
Masloff's  cases  it  was  probably  low  dowu,  or  that  in  the  fasbog 
condition,  the  intestine  is  uuable  to  secrete  intestinal  juice,  even 
under  the  influence  of  pilocarpine^ 

Influence  of  Thiry  found   that  stimulation  of  the  vagi  bad  no 

nerrouBByBtem   ^^^^^   ^^^   ^^^   secretion   of  intestinal  juice.     Budge' 
observed  after  extirpation  of  the  celiac  and  me>' 
plexuses  an  increase  of  the  secretion.    His  obsei 
were  confirmed  by  Lamansky*,  though  Adrian*  obtaui^ji 
negative   results  in  tbe  case  of  dogH.     Subsequently. 


on  Uite8tl2iftl 
secretion.  Mo- 
reau'B  experi- 
ment. Paraly- 
tic seoret&on. 


>  Leurel  et  Tiamreigne,  Jleeherckes  pk^ftiolo^iquts  et  fkimique*  pour  •«rrir  A  TAutw* 
dt  lit  liiffegtion^  1825,  p.  l-ll,  quot«d  bj  Hoidenbam,  toe,  cit.  p.  171. 

'  The  Author  has  sinoe  the  experiment  abore  recorded  was  pin^onned  rapeatel  it, 
the  onlr  mniitinn  being  that  the  animal  was  in  full  digastioa.  In  this  caae  ptlMarpis 
certainly  provoked  a  visible  secretion,  bat  ibe  amount  was  bo  ccant^:  as  not  to  admll  oi 
thu  iiuantity  being  detormined.  This  case  unquentionablj  snpporta  BdhmaiiB*B  teli*^ 
that  ihe  quantity  of  intestinal  juice  secreted  by  the  lover  part  of  the  amall  iaMattats 
much  greater  Chan  that  secreted  by  the  upper  (Aug.  18^13). 

*  Budge,  Verkand,  d.  k,  k,  LeopolA-CaroL  Aotd,  d.  Sati^oncher,  ToL  xix.  (UVlt 
P.S60. 

*  Lamannkv,  Zeiuehr.  /.  rat.  Med.  1666,  p.  59,  quoted  by  Heidenh*in. 

*  Adrian,  ^ckhardt's  Beitrnge  t.  AmU  h.  Phy$.,  Xol  ui'  (1863).  p.  61. 
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3udge's  stateineDts  received  confirmation  aud  extension  from  the 
researches  of  Lauder  Brunton  and  Pye  Smith'. 

"  When  all  nervous  connection  between  the  intestine  and  the 
higher  nerve  centres  is  cut  off,  by  completely  dividing  the  intestinal 
nerves,  a  copious  secretion  occurs  in  the  intestine.  This  is  best 
shewn  by  isolating  three  loops  of  intestine,  by  means  of  ligatures, 
after  thev  have  been  previously  carefully  emptied,  as  shewn  in 
fig.  24. 


^rvr«T 


24.      DiAOBAX   8HEWINO  THS    EFTXCT   OP   BECTIOH   OF   NERVEB  ON    BBCBXTIOK  TtUm 

THE  WTEsTiXK.     (Bniitton.) 

The  Derres  going  to  the  middle  loop  have  been  divided,  and  it  is  distended  with  the 
fluid  8ecret«d. 

"  The  nerve-fibres  going  to  the  middle  loop  are  then  divided,  and 
the  intestine  is  returned  to  the  abdominal  cavity.  After  four  or  five 
hours,  the  animal  is  killed  and  the  intestine  is  examined ;  it  is  then 
found  that  the  loop,  the  nerves  of  which  have  been  divided,  is  filled 
with  fluid,  while  the  other  loops  which  have  beeu  under  precise!}' 
the  same  circumstances,  but  the  nerves  of  which  have  not  been  cut, 
remain  empty"  (Moreau's  experiment'). 

''It  is  evident,  then,  that  certain  nerve-centres  possess  the  power 
of  restraining  the  aecretion  from  the  intestine.  These  nerve-centres 
have  been  shewn  by  Brunton  and  Pye-Smith  to  be  the  smaller  or 
inferior  ganglia  of  the  Holar  plexus,  with  the  superior  mesenteric 
offset  from  them.  When  these  ganglia  are  ilestroyod,  the  same 
abundant  secretion  occurs  in  the  intestine  as  when  all  the  nerves  are 
cut,  but  if  these  ganglia  be  left  intact  the  spinal  cord  may  be 
removed,  the  vagi  and  splanchnics  cut,  and  the  semilunar  ganglia 
excised  without  any  excessive  secretion  occurring  in  the  intestine  ." 

>  T.  Lander  Bmnton  and  P.  Pye-Smith,  '  Intestinal  Secretion  and  MoTetnent,* 
SHtuh  Auoc.  Reportt,  1S74.  1875,  1876. 

"  A.  MoreaD,  *I>e  I'influence  de  la  section  dea  nerfs  sar  la  production  de  liqaides 
tntestinanx, '  Cotupun  Rendita,  Vol.  Lxn.  (1868\  p.  654. 

^  T.  Lauder  Brunton,  A  Text-book  of  Pfmrmncoloijij,  Th^nipeutiet  and  Materia 
Mtdica,     Third  edition.     London,  Iblacmi'llan  and  Go.  1887  (p.  380). 
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Sect.  4.    The  Physical  and  Chemical  Chahacters  of  the 
Intestinal  Juice. 

The  intestinal  juice  is  a  pale  yellow,  usually  somewhat  turbid, 
H<ltiid,  of  powerfully  alkaline  reaction,  possessing,  accordiug  to  Thiry, 
a  density  of  about  1010. 

It  is  precipitated  by  alcohol,  by  nitric  acid,  and  by  nitric  acid  and 
heat,  the  precipitate  being  one  of  albumin. 

When  treated  with  dilute  acids,  it  effervesces,  Id  consequence  of 
the  considerable  quantity  of  sodium  carbonate  which  it  contains. 

In  the  juice  obtained  by  mechanical  in*itatiou,  Thiry  found  from 
2'2  to  2'8  per  cent,  of  solid  matters,  from  0*7  to  12  per  cent,  of 
albumin,  and  from  07  to  0*9  per  cent,  of  ash,  but  the  result  is 
certainly  abuorrual.  Gumilewski  in  more  recent  and  more  reliable 
researches  on  a  dog  with  a  Vella  fistula  situated  l'G4  metre  from  the 
pylorus  and  0'4M  m.  from  the  csecum  found  the  solid  matters  w 
amount,  on  an  average,  t<")  1*50  per  cent. ;  these  containing  0"43  per 
cent,  of  Na,CO,  and  0*49  per  cent,  of  NaCl. 

From  the  researclies  of  Gumilewski  and  Rohmann  it  would  appear 
that  the  alkalinity  of — in  other  words  the  amount  of  Na^CO,  in — the 
intestinal  juice  is  remarkably  constant  for  the  secretion  of  the 
fistula. 


san^J 
thonff 


77ie  Enzifmes  of  the  Intestinal  Juice. 

In  investigating  the  enzymes  of  the  small  intestine  three  meth 
of  inquiry  have  been  pursued  :  (1)  the  mucous  membrane  of  recently 
killed  animals  has  been  extracted  with  solvents,  such  as  glycerin, 
which  have  the  property  of  dissolving  enzymes,  and  the  digestive 
activity  of  the  jxtracts  has  been  determined  in  the  case  of  the 
various  groujts  of  alimentary  constituents,  (v.  Wittich,  Masloff); 
(2)  the  intestinal  mucous  membrane  has  been  carefully  dried  in  the 
air  and  portions  of  the  dried  mucous  membrane  have  been  digested 
with  the  substauce.s  under  investigation  (Brown  and  Heron);  tliis 
method  has  only  been  applied  to  the  investigation  of  the  enzymes 
which  act  upon  carbohydrates,  but  has  in  the  case  of  these  yielded 
results  of  tlie  greatest  interest  and  value:  (3)  the  intestinal  juice 
has  been  collected  and  its  activity  determined  by  artificial  digestions 
carried  on  in  the  incubator;  (4)  the  aUmentary  constituents,  either 
solid  or  in  solution,  have  been  introduced  into  a  segment  of  intestinal 
tube  in  animals  with  Thiry-  or  Vella-fistulai,  and  the  products  of 
dige.stion  have  been  examined. 

Action  of  the  The  earlier  experimenters  (Thiry.  Leube\  Scbiff't 

Intestinal  Juice    asserted  that  the  intestinal  juice  posses.sed  proteolytic 
on  proteidB.        properties.     Thiry  limited  this  power  to  the  digestion 

'  W.  Leiibe,  '  Beitrrige  zur  Kenntnins  de«  DunndarmBafleft/  HabilitatioHMKhriftt 
ErloDgen,  1868 ;  '  Ueber  Verdauungaprodncte  des  Diiundarmaafttis/  Centruthlatt  f,  i 
med.  IVitsemch.  1868.  p.  289. 

'*  Seliiff,  *  Nuove  rioerche  8ul  potcre  digerente  del  buoco  entwioo/  12  Morffagni,  1867, 
No.  0.    Abstracted  in  Ccntrttiblatl  /.  d.  iiied.  W  i«.  Vttfttt,  ^.  357. 
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>i*  raw  fibrin,  whilst  Schiff  asserted  that  in  the  case  of  successful 
S^tulse,  all  proteids  are  digested  and  converted  into  peptones,  if 
introduced  within  the  intestine.  Subsequent  observers,  however, 
^uch  as  V,  Wittich^  Quincke^  Deinaut*,  PascLutiu*,  using  different 
Itnethods,  were  unable  to  contirm  the  observations  of  Thiry,  Leube 
and  Schiff. 

The  most  recent  researches  (Masloff,  Wenz)  have  clearly  proved 
fthat  neither  the  mucous  membrane  of  the  small  intestine  nor  the 
guice  which  it  secretes,  contain  enzymes  capable  of  converting  pro- 
teids into  albujnoses  and  peptones,  under  the  conditions  which  exist 
in  the  small  intestine, 

MuslotT*,  in  a  research  conducted  in  KUhne's  laboratory,  has  shewn 
that  the  succus  entericus  has  no  action  on  proteids  provided  that 
the  influence  of  putrefactive  organisms  be  prevented  by  the  addition 
of  thymol.  If  acidified,  the  intestinal  juice  exerts  (according  to 
Masloff)  a  very  aliyht  solvent  action  on  fibrin,  due  to  the  presence, 
obviously,  of  a  trace  of  pepsin,  the  physiological  importance  of 
frhich  is  altogether  insignificant.  Masloff  found  that  proteids  of 
various  kinds  introduced  into  a  Thiry  fistula  underwent  no  change 
in  the  course  of  24-  hours.  Wenz'  has  further  shewn  that  the  albu- 
moses  are  not  converted  into  peptones  by  the  intestinal  juice. 

It  is  therefore  clear  that  the  changes  observed  to  occur  by  Thiry 
and  Schiff,  when  tibriu  and  other  proteids  were  introduced  into  the 
intestine  of  doga,  were  the  result  of  a  putrefactive  process. 

Action  of  t3ie  Iq  spite  of  the  negative  statements  of  many  of  the 

*"*!u^^^  earlier  observers  (Thiry,  Leube.  Schiff,  and  v.  Wittich)', 
dlastiUc  fer-  there  is  now  no  doubt  whatever  that  the  small  in- 
ment  of  tue  in-  testine  possesses  the  power  of  converting"  starch  into 
tartinai  juice,  maltose  (Brown  and  Heron",  Gumilewski  ,  Rohmann", 
Dobroslawin",  Lannois  and  Lupine",  &c.).     Rohmanna  observations 

■  J  V.  Wittich,  Archivf.  Phy$.  Vol.  ii.  p.  193. 
'  H.  Quincke,  '  Ueber  dio  Ausacheldang  vod  Arzneiskoffen  durcb  die  DArmsohleim* 
hftut,'  Archivf.  Awit.  u.  Phyn.  18r>8.  p.  150. 

»  B.  Demant,  op.  cit,  Virchow'a  Archiv,  Vol.  lxxv.  {I879J,  p.  419. 

*  Victor  Paschutin, '  Einige  Versuche  mil  Fenneiiten,  wefche  Starke  and  Bolirzacker 
in  Traubenzucker  v(»rwftndeln,'  Archiv /.  Anut.  u.  Phyt,  1871,  p.  305. 

'A.  MasloflT,  *  Zor  DlinndarmTerdauung/  Kuhne's  UnUrfUckunaen,  &c.  Vol.  n. 
p.  930,  Heidelberg,  1K82. 

*  Wenz,  *  Ueber  daa  Verhalten  der  Eiweissstoflc  boi  dor  Darmvordauung,'  Zeilschrift 
f.  BioUiiiif,  Vol.  XIII.  1H8<).  p.  I. 

'  Bidder  and  Schmidt  and  Frericha  mnat  be  mentioned  as  early  experimentcni 
who  attributed  a  diastalio  action  to  the  intestinal  jaice. 

«  Uoraoe  T.  Brown  and  John  Heron,  'Die  hydrolytiBohen  Wirkungen  dea  Pankreaa 
und  dca  Ihinudarme,'  AnnaUn  d.  Chemif  i*,  Plmnruicie,  Vol,  ccrv.  i(1880),  pp.  224—351. 

*  Gumllewski.  Pfliigcr's  Archiv,  Vol.  xxxix.  (1HH6),  p.  556. 

°  F.  ROhmann,  *  Ueber  die  diastatisobe  Wirkuag  des  DarmBaftes  und  die  Resorption 
vom  Stirkekleister,'  op.  cit.  rfliiger'a  Archiv,  Vol.  lu.  (1887),  p.  424. 

^  A.  Dobroalawin,  *Beitragc  zur  Physiologic  des  Darmaaftes,*  Untersuehung.  am  d. 
Iiut.  /.  Phys.  u.  Hist,  in  Oras,  Leipzig,  1870. 

"  Lanuoifl  and  Lupine,  *Sur  la  maniAre  di£F6rent£  dont  se  eomportent  les  partiea 
aup^ricuree  et  inf^rieures  de  rintestiu  grdle  au  jxiint  de  rue  de  rabaorption  et  de  U 
traOBudation,'  Archive$  dt  PhyMiologie,  1883,  T.  l.  p.  92. 
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sem  to  indicate  that  the  diaatatic  activity  of  the  intestinal  jtiire 
[kecreted  in  the  upper  part  of  the  small  intestine  is  very  much 
Bgreater  than  that  of  the  juice  secreted  by  the  iletioi.  That  thi> 
[activity  may  pla}'  no  unimportant  part  in  tlie  intestinal  digestion  of 
aome  animals  is  rendered  probable  by  an  experiment  of  Rohmaun'a, 
in  which  50  c  c.  of  a  2  ^/^  starch  mucilage  were  absorbed  by  a 
^segment  of  jejunum  20  centim.  long  in  the  course  of  one  hour*,  it 

ting  probable  that  the  procesii  of  absorption  presupposes  an  antece- 
dent diastatic  conversion  of  starch  into  sugar. 

Brown  and  Heron  have  shewn  that  under  the  influence  of  thft 
diastatic  ferment  of  the  intestine,  starch  is  converted  into  malto^^f 
the  latter  sugar  being,  however,  rapidly  converted  into  dextrodBH 
through  the  agency  of  another  enzyme.  Their  experiments  led  them 
to  the  opinion  that  the  mucous  membrane  of  the  ileum  is  richer  in 
diastatic  ferment  than  that  of  the  duodenum  or  jejunum,  and  in  thii 

spect  they  do  not  agree  with  the  direct  observations  of  Rohmann 
n  dogs  with  ^'^ella-fistuiffi. 

In  the  year  1871,  Paschutin",  for  the  first  time, 
drew  attention  to  the  fact  that  the  intestinal  mucoii* 
membrane,  in  its  whole  extent  from  the  pylorus  to  the 
ili«j-colic  valve,  contains  a  ferment  which  converts  cane* 
sugar  into  grape-sugar.  When  cane-sugar  is  boiled 
with  dilute  mineral  acids,  or  subjected  to  the  action 
inverting  ferments  (of  which  one  exists  in  yeast),  it  a 

readily  split  up  into  a  molecule  of  dextrose  and  a  molecule  of 

lose,  thus : — 

9..H»0.,  +  H.0  =  CjH,  A  +  Cfi£,. 

SaoohAroae.  Dextronc.       L«Tulose. 

To  the  process  the  term  inversion  is  applied,  and  to  the 
sugar  which  results  from  it  tlie  name  oi  inveH-sugar. 

The  researches  of  Rohmann',  BastiaucUL^  and  particularly  yt' 
Brown  and  Heron",  have  demonstrated  in  the  fullest  manner  the 
accuracy  of  Paschutiu's  discovery  that  an  inverting  enzyme  is  oou- 
tained  in  the  intestinal  muctms  membrane  and  m  the  intestinal 
juice.     There  is,  however,  a  consensus  of  opinion  on  the  part  of  ibuse 

'  Rohmann.  op.  cit.  p.  420. 

"  Dr  v.  Paschutin,  'Eiuige  Versuche  mit  Fermenten,  welche  Starke  and  Bohraocker 
in  Tranbenzucker  venvfincieln,'  Archie  f.  Anat.  u.  Phtjaiol.  1871,  pp.  305 — 984.    Befff 
speciallj  to  p.  374.    The  merit  of  this  very  important  di8eovei>'  has  been  erroneoosly 
iiltributcd    by  many   wiitors   to  Clande   ]i«mard.     Tbas   HolimaoQ  saya,  ^'Aut  di< 
iuvertiercuden  Etgenschaften  des  aus  Xhiiy'schen  Fistfln  gevronncneo  DannBafte<  ' 
zuerHt  CI.  Bernard  aufmerksam  gcmucbt."     "J'ai  d^couvert  qu'il  posside 
invvraivc  tr^^  puissantc  siir  lo  ancre  do  canne."  i3€mard,  Lfi^oru  *ur  U  IKaUtoi 
188f,  p.  259. 

■  Rohmann,  on,  eit.  p.  432. 

'  C.  Bastianelli,  '  Ueber  die  pbyaiologi&che  Bedetitang  dee  DarmsafteB.' 
from  the  original  paper  in  the  JloUet.  d.  R.  Acead.  metL  di  BomOy  VaX.liT.  pp.140 — IBO, 
in  Jahresb.  /.  phyt.  Chfin.  1889,  p.  238. 

*  Horace  T.  Brown  and  Johu  Heron,  *  Die  hydrolytischen  Wirkungen  dea  Pmkiwf 


and  dee  Dnnndarms/  AnnaUn  d.  Chemie  u.  Pharmaeie,  Vol.  cciv.  (1880),  pp.  238— Sfil* 
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ho  have  experimented  on  this  subject  that  the  mucous  membrane 
posscHses  a  much  more  marked  inverting  action  than  the  intestinal 
ulce  itself,  so  that  inversion  is  obtained  much  more  readily  and 
[>erfectiy  if  a  solution  of  cane-sugar  be  allowed  to  sojourn  for  a  short 
tiiue  in  the  intestine  and  thereafter  be  digested  in  the  incubator,  or 
if  it  be  dij^ested  with  a  small  piece  of  air-dried  mucous  membrane, 
than  if  it  be  mixed  with  succus  eutericus  and  then  placed  in  the 
incubator. 

In  harmony  with  our  knowledge  of  other  enzymes,  we  may 
provisionally,  and  with  considerable  probability,  assume  that  the 
mucous  membrane  of  the  intestine  contains  a  zymogen  of  the  in- 
verting ferment  which  is  sparingly  diffusible,  and  that  tliis  zymogen 
is  broken  up  with  the  liberation  of  the  free  ferment  when  the  cells 
which  contain  it  are  in  contact  with  cane-sugar.  Brown  and  Heron 
have  shewn  that  the  inverting  action  is  never  complete.  As  soon  as 
about  25  */„  of  cane-sugar  has  been  inverted,  the  process  comes  to  an 
end.  It  must  be  rememberedj  however,  that  experiments  performed 
in  vitro  give  us  but  an  imperfect  conception  of  what  occurs  in  the 
living  body.  We  have  experimental  proof  of  the  facility  with  which 
sugare  are  absorbed  by  the  small  intestine,  aud  it  is  probable  that  as 
the  absorption  of  invert-sugar  will  occur  pan'  passu  witli  its  pro- 
duction, the  conditions  are  present  for  the  complete  inversion  of  any 
I  cane-sugar  existing  in  the  intestine. 

In  Rohmann's  experiments,  the  intestinal  juice,  obtained  from  a 
Vella-fistula  situateu  in  the  upper  half  of  the  small  intestine, 
possessed  much  greater  inverting  power  than  that  of  two  other 
HHtiilaa  situated  in  the  lower  half.  Brown  and  Heron,  by  digesting 
weighed  quantities  of  mucous  membrane  of  pig's  intestine  with  3  per 
cent,  solutions  of  cane-sugar,  at  40^  C,  found  that  the  duodenum, 
including  Brunuer's  glands,  possesses  most  feeble  inverting  power,  no 
inversion  having  occurred  after  digestion  at  thia  temperature  during 
a  ptTiod  of  3i  hours.  The  jejuntmi  and  ileum  possess  very  much 
higher  inverting  activity  and  iu  about  equal  degree,  except  in  the 
situation  of  Peyer's  patches,  where  the  activity  is  at  its  highest. 

If  we  except  man  in  a  state  of  civilisation,  cane-sugar  can  only 
rarely  find  its  way  into  the  intestine,  and  it  therefore  appears  strange 
that  an  inverting  fertneut  should  be  so  widely  distributed  throughout 
the  intestinal  mucous  membrane.  In  all  probability,  however,  the 
inverting  fermeut  which  can  resolve  saccharose  into  dextrose  and 
levulose  is  the  same  ferment  which  possesses  the  power  of  splitting  up 
sugar  of  milk  into  dextrose  and  galactose.  It*  this  be  the  case  we 
have  a  ready  explanation  of  its  wide  diffusion. 

Tne  maiioiB-  When  malt-diastase  acts  upon  a  starch  solution,  the 

coDTertias  en-    sv\^aT  which  results  from  its  action  is  maltose.     When 
"^  the  diastatic  ferment  of  the  pancreas  acts  upon  starch, 

maltose  is  also  formed,  though  subsequently  a  small  fraction  of  this 


maltose  is  converted  into  grape  sugar,  according  to  Brown  and  Heron. 
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We  may  assume  that,  in  addition  to  its  diastatic  enzyme,  the  paDcrea& 
contains  a  trace  of  another  ferment,  capable  of  splitting-up  maltose, 
though  the  quantity  of  this  ferment  is  altogether  insufficieQl  to 
effect  the  complete  conversion.  Whilst  the  observations  of  Sheridan 
Lea*  throw  some  doubt  on  the  existence  of  the  latter  enzyme 
in  the  pancreas,  the  researches  of  Brown  and  Heron  have,  however, 
led  to  the  interesting  discovery  that  the  mucous  membrane  uf 
the  small  intestine  (doubtless  also,  though  perhaps  less,  the  intestinal 
juice)  possesses,  in  an  intense  degree,  the  power  of  converting 
maltose  into  grape  sugar.  The  activity  of  the  mucous  membrane  of 
the  small  intestine  in  this  respect  is  said  to  be  much  greater  as  ve 
approach  its  lower  end,  the  maximum  activity  being  possessed  bj 
those  parts  of  the  jejunum  and  ileum  in  which  Peyer's  patches  are 
situated. 

The  part  played  by  the  intestinal  mucous  membrane  in  reference 
to  the  digestion  of  starches  is  thus  seen  to  be  complementary  of  tlmt 
exerted  by  the  diastatic  ferments  of  the  saliva  and  the  pancreatic 
juice.  Under  the  influence  of  these,  the  starch  of  the  food  is  resolved 
into  dextrines  and  maltose,  the  amount  of  the  latter  rapidly  amountiug 
to  80  per  cent,  of  the  starch  digested.  When  digested  with  theinta- 
tinal  mucous  membrane,  this  maltose  is  rapidly  and  completely 
converted  into  grape  sugar.  The  inversion  of  cane  sugar  by  the 
inverting  ferment  is,  on  the  other  hand,  a  process  which  proceeds 
somewhat  slowly,  and  which,  as  was  previously  stated,  comes  to  a 
standstill  (in  experiments  in  vitro)  after  the  conversion  has  affected 
25  per  cent,  of  the  saccharose  present  The  conversion  of  maltose 
into  grape  sugar  takes  place  rapidly  and  is  a  continuous  process, 
resembling  in  this  respect  the  action  of  dilute  sulphuric  acid,  which, 
with  the  aid  of  heat,  can  eftect  the  complete  inversion  of  cane-sugar. 

The  action  of  The  intestinal  juice  possesses   no  special  enzym© 

the    intestinal    ^yjjjch  acts  Upon  fats.     When  intestinal  juice  is  shaketx 
Juice  on.  fats  .  .  it*  *    •  f  ^  •  i 

with  a  neutral  tat  containing  no  trace  of  free  acid,  do 

permanent  emulsion  results.  When  however,  as  is  always  the  csjs/s 
after  the  action  of  the  pancreatic  juice  upon  the  neutral  fats,  a  trac^ 
of  free  acid  is  present,  the  intestinal  juice  forms  a  durable  emulsioca 
with  fats.  This  property  depends  upon  the  sodium  carl>jnate  whict* 
the  juice  contfiins,  and  which,  as  was  pointed  out,  amounts  on  ac» 
average  to  0*5  per  cent.  In  reference  to  its  action  on  fats,  indeed* 
the  intestinal  juice  has  been  supposed  to  act  as  a  dilute  solution  <>* 
sodium  carbonate,  and  Bunge  has  argued  strongly  in  favour  of  the 
view  that  the  chief  function  of  the  juice  is  to  aid  in  the  emul- 
sionising  of  fats  and  thus  promoting  their  subsequent  absorption. 
But  such  a  view  appeai-s  to  the  Author  a  very  one-aided  one,  a.^  tbe 
presence  of  an  alkaline  fluid  on  the  surface  of  the  intestinal  mucous 
membrane  would  further  not  only  the  absorption  of  fat  but  also 

1  Sheridan  Lea,  *A  Comparative  Study  of  Artificial  and  Matur&l  DigesUoa/i/' 
o/rhyt.  Vol.  XI.  (1890),  V  ^'21'T- 


tbe  J 

1 


.p.  IX.]  STTMMART  OF  THE  ACTIONS  OF  THE  INTESTINAL  JOTOE.    417 


irogress  of  proteolysis  by  tr3^in.     The  capital  objection  to  Bunge's 

conception  of  the  part  played  by  the  iutentiiial  juice  is  that,  as  will 

subsequently  shewn,  the  alkaline  carbonate  which  it  contains  is 

lore  than  neutralised  by  the  lactic  acid  which  ia  formed  by  the 

;tioD  of  micro-organisms,  so  that  the  reaction  of  the  cont/ents  of  the 

lail  intestine  is  not  alkaline,  but  acid.     Whether  it  plays  any  part 

[■whatever  in  furthering  their  abBorption,  the  action  of  the  iutestinai 

juice  on  fats  is,  doubtless,  insignificant,  when  compared  with  the  part 

which  the  intestinal  enzymes  and  ferments  play  in  the  digestion  of 

,he  carbohydrates. 

soznniArr  of  The  intestinal  mucous  membrane  and  its  secretion 

the  actions  of  have  thus  been  shewn  to  exert  no  chemical  action  on 
toetateitinal  ^j^^  proteid  constituents  of  food,  but  to  play  a  great 
part  in  the  digestion  of  the  carbohydrates  of  the 
econom}',  completing,  if  necessary,  the  conversion  of  starch  into 
soluble  products,  splitting  up  saccharose  and  lactose  into  glucoses, 
but  above  all,  converting  maltose  into  grape  sugar.  When  we  con- 
sider the  large  proportion  of  carbohydrates  which  herbivorous  animals 
consume,  the  great  importance  of  this  fuuctton  to  the  economy  will 
be  manifest. 


CHAPTER  X. 

THE  CHEMICAL   PROCESSES   WHICH    HAVE    THEIR    ^^KJ 
IN  THE  INTESTINES  AND  WHICH  ARE  THE  RESULT 
OF    THE     ACTIVITIES     OF     MICU0-0RGANISM8.      THE 
PRODUCTS   OF   THESE   PROCESSES. 


Introductory/  Remarks. 

When  treating  of  the  influence  of  changes  in  the  acidi 
gastric  juice  in  disease  (p.  1(57  et  A'er/.)  its  antiseptic  action  wu 
discussed,  and  it  was  shewn  that  the  acid  which  it  contains  exerts  ft 
marked  influence  in  destroying  the  putrefactive,  as  well  as  manv  of 
the  pathogenic,  organisms  which  may  find  their  way  into  the  stomach. 
In  the  normal  conuitiuu.  gastric  digestion  in  a  healthy  man  is  a  pn»oea 
which  proceeds  entirely  under  the  influence  of  enzymes,  and  tbe 
fermentations  which  are  the  results  of  the  activities  of  organis*^ 
ferments  must  be  looked  upon  as  a  departure  from  norniality— as, 
indeed,  pathological.  In  the  small,  but  much  more  so  in  the  large, 
intestine,  the  conditions  are  more  favourable  to  the  growth  of 
microbes,  and  hence,  side  by  side  of  the  digestive  processes,  properly 
so-called,  others  are  going  on  which  are  due  to  the  intervention  of 
iinj)orted  germs.  In  the  herbivora,  the  action  of  organised  fenuenu 
attains  a  high  importance,  seoiug  that  it  is  apparently  througli  tlieii 
action  that  a  part  of  the  cellulose  is  utilised,  which  forms  so  la^t* 
a  part  of  the  food  consumed.  In  man  and  the  carnivora,  however, 
organised  ferments  play  a  secondary  part  in  the  processes  of  the  small 
intestiiiu,  and  digestion  appears  to  be  most  typically  physiological 
when  their  activity  is  least  conspicuous,  and  when  certain,  at  least 
of  the  products  of  that  activity  are  smallest  in  amount. 

It  is  customary  to  speak  of  the  putrefactive  processes  of  the  sduU 
intestines,  but  the  expression  is  an  iuitccurate  one.  When  we  open 
the  small  intestines  immediately  after  death,  we  find  their  couteuts 
entirely  free  from  putrefactive  odour,  properly  so  called.  It  is  onlv 
when  we  examine  the  contents  of  the  large  intestine  that  wo  bccoro*? 
aware  of  the  presence  of  fcetid  products,  which  increase  in  amouutw 
the  contents  undergo  the  changes  which  ultimately  result  in  thcif 
transformation  into  the  fieces.  There  can  be  no  doubt  that  special 
inriuences  must  be  at  work  to  limit,  or  rather  to  modify,  the  puUfr- 
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^-ctive  processes  iu  the  small  intestines,  and  especially  to  prevent  the 
'Onuation  of  those  ftetid  products  which  are  the  essence  of  the  putre- 
fective  process.  In  discussing  the  disinfecting  function  of  the  bile  it 
"Was  argued  that  this  fluid  probably  exerts  a  real  disinfecting  action, 
aa  Maly  and  Eraich  have  coutei»dc(l,  in  virtue  of  the  bile  acids  which 
it  contains,  though  Voit  and  Rohmann  deny  this  special  action. 

Macfadyen,  Nencki,  and  Sieber  have  shewn  that,  contrary  to  the 
general  belief,  but  in  accordance  with  many  previous  observations  by 
reliable  investigators,  the  contents  of  the  small  intestine  are  invari- 
ably acid*.  The  presence  of  free  acid  in  the  small  intestine  acts 
doubtless  both  by  setting  free  the  antiseptic  bile  acids  and  by  the 
destructive  and  inhibitory  influence  which  free  acids  exert  on  many 
forms  of  bacterial  life. 

Accordingly,  the  above-named  observers  have  found  that  in  the 
small  iutestiue  of  man  the  products  of  the  putrefactive  decomposition 
of  proteids  are  absent,  the  organisms  which  are  able  to  occasion  their 
decomposition  being  absent.  Although,  as  has  been  argued,  the 
putrefactive  processes  iu  the  small  intestine  are,  Lu  the  perfectly 
physiological  condition,  comparatively  insignificant  in  amount,  we 
must  yet  consider  them  in  some  detail,  inasmuch  as  they  play  a 
much  more  important  part  in  disease,  and  are,  besides,  constant 
products  of  the  processes  which  occur  iu  the  large  intestine. 
Processes  of  fermentation  affecting  the  carbohydrates,  as  distin- 
guished from  putrefactive  processes,  normally  occur  on  a  considerable 
scale  in  the  small  intestine. 


1 


r 


T.   1.     The   Decompositiux   of   the   Proteids   under   the 
Influence  of  Bacterial  Action. 


Id  discussing  the  action  of  trypsin  on  the  albuminous  bodies  we 
have  shewn  that,  in  addition  to  the  albumoses  and  peptones,  there 
result,  from  the  profoundly  decomposing  action  t»f  that,  enzyme,  mauy 
auiido-acids  of  the  fatty  group,  paroxypheuylanudopropionic  acid  or 
tyroalDB,  certain  bases  (lysine,  lysatiuiue  and  ammonia),  and  a 
chromogen  which  we  designate  tryptophan.  Although  there  is 
evidence  that  the  comple.x  albuminous  molecule  contains  a  variety  of 
aromatic  groups,  it  is  noteworthy  that  the  only  primary  aromatic 
comfK)urid  which  results  from  the  action  of  trypsin  is  tyrosine. 
Under  the  influence  of  the  putrefactive  bacteria,  the  same  products 
are  at  first  formed.  Other  bodies,  however,  rapidly  arise,  certain  of 
which  (aromatic  oxy-acids  and  phenols)  are  the  products  of  dccom* 
position,  reduction,  and  oxidation,  of  tyrosine,  whilst  others  (indol, 
niethyl-iudol  or  skatol,  skatol-carbonic  acid)  are  aromatic  compounds 
which  are  not  directly  related  to  tyrosine  and  which  represent  a 

'  A.  Mftcfadyen,  M.  Nencki  and  N.  Sieber,  *  UnterBuoliangen  uber  die  chemisclien 
Torgange  im  menBohliobeo  Duiiudarui/  Archiv  f.  tsp.  Path.  u.  Pharm,  VoL  xxvni. 
(1691),  p.  311. 
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specific  decomposition  of  the  albuminous   molecule   distinguiahi 
bacterial  from  purely  trypsin-proteolysis.     According  to  Bauins 
neither  indol  nor  skatol  is  a  primary  product,  but  arises  from  the 
decorapoaition  of  a  bttdy  soluble  in  a  mixture  of  alcohol  and  etber' 

In  addition  to  the  aromatic  compounds,  there  are  formed,  amongst 
the  products  of  the  bacterial  decomposition  of  proteids,  volatile  fatty 
acids,  certain  bases,  nitrites,  hydrogen,  and  sulphuretted  hydrogen. 

The  following  list  includes  the  products  of  the  bacterial  decompo- 
sition of  the  albuminous  bodies. 


Products  of  the  Bacterial  Decomposition  of  tlie  Alhinninoua  Bodm^ 

( The  bodies  marked  unih  an  asterisk  have  ivot  been  found  in  the 

contents. ) 

Bodies  or  the  Fattt  Sebxes. 
Amido-acids. 

Fatty  acids. 

{Tetra-  and  pe7itarinethi/lendiamin) 

only  found  in  the  contents  of  the 
intestines  in  pathological  con* 
ditions^cyRtinuria,  cholera  and 
dysenteric  diarrhoea. 


BODIBS    OF   THE    AkOIUTXC    SkHIXS. 

Indol. 

Skatol. 

Skatol-carbonic  acid'.* 


Tyrosin, 

Oxyphenylpi-opionic  acid.* 
Oxyphenylttcetic  acid.* 
Phenylpropionic  acid.* 
Phenylacetic  acid.* 
Parakrosol. 
Phenol. 

Eud-products: — carbon  dioxide,  water,  ammonia,  nitrites,  hydrogeo, 

sulphuretted  hydrogen. 

It  was  KUhne  who  first  pointed  out  that  indol  is  a 
t^^ical  product  of  the  decomposition  of  albuminons 
bodies  when  these  are  subjected  to  the  combined  action 
of  trypsin  and  putrefaction*,  as  well  as  when  they  are 
fuaed  with  caustic  alkalies*,  but  that  this  body  is  never 
the  action  of  tr^'psiu,  however  long  that  action  roar 
e  further  shewed  that  this  enzyme  is  not  formed  bj, 
exist  in  connection  with,  bacterial  putrefaction*. 

^  Baamann,  Her.  d.  dcuUch.  chem.  Geselhrh.  Vol.  xni.  p.  984. 

'  Zutnft^  in  a  recent  reBeorob  made  in  Nencki'»  laboratory  at  8t  Pcterrimig  hv 
found  iudol,  skatol,  phenol  and  parakresol  in  the  contonts  of  the  lar^e  intaitiDi 
of  man.  but  no  skatol-carbonic  acid.  In  his  paper  entitled  '  Sur  leR  proc«Bsai  d« 
putrefaction  dans  le  grufl  intestin  de  I'homme,  A:c,*  Archive*  de$  Sciences  Bwlogifim. 
&c.  Tome  i.  pp.  -497—517.     St  Peterfiburg,  1892. 

*  W-  Kiihne,  Virchow'a  Archii\  Vol.  xxxiz.  p.  ltS5. 

*  W.  Kiihne,  'Ucber  Indol  aas  Eiweiss/  Ber.  d,  deuUeh,  ekem.  OeselL  YoL  mL 
(1875),  p.  206. 

^  W.  Kiihne,  '  Erfabmngen  nnd  Bemerkungen  iiber  Enzyme  imd  Ferm«nte^' 
tueh.  a.  d.  phya.  Inst.  Heidelberg,  Vol.  i.  (1878),  pp.  291—324. 
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Indol,  Skatol  and  Skatol-carbonic  Acid. 


1. 


/CH-CH 
Imlol  C.H,N,  C.h/       .-^ 


Indol  was  first  discovered  by  Baeyer  in  the  products  obtained  by 
distilling  oxyindol  with  zinc-dust'.  It  was  afterwards  found  by 
Nencki  and  by  Kllhne'  amougat  the  products  of  the  putrefaction  of 
proteids,  as  well  as  in  those  obtained  when  the  proteids  are  fused 
fwith  caustic  alkalies.  Indol,  together  with  skatol  (which  almost 
invariably  accompanies  it),  is  found  in  the  contents  of  the  large 
intestine  and  in  the  fteces. 

Mode  of  pre-  Two  kg.  of  well-pressed  fibrin  are  placed  in  a  nx)my 

paration  of  in-  fiask  (of  tlie  capacity  of  12  litres),  together  with  8  litres 
del  and  Bkaioi  of  water  in  which  2  grnis.  of  KHaPO,  and  1  gr.  of 
^J^J^'"  MgSO,  have  been  dissolved ;  to  this  fluid  are  added 
200  c.c.  of  a  saturated  solution  of  NajCOg  and  then 
some  cubic  centimetres  of  a  putrefjTng  fiesh  infusion  together  with 
firaginents  af  decompusing  meat.  The  flask  is  then  closed  with  a 
stopper,  which  has  been  bored  and  provided  with  a  glass  tube ;  to 
the  latter  is  attached  au  indiai-ubber  tube  connected  with  a  wash  bottle 
half  filled  witli  water.  The  indiarubber  tube  is  provided  with  a 
clamp,  which  is  left  open  during  the  first  days  of  the  experiment. 
The  mixture  is  digested  at  a  temi>erature  of  40^— 42*^0.  for  a  period 
of  5  or  6  days,  the  flask  beiug  shaken  from  time  to  time.  As  soon 
as  the  evolution  of  gas  has  ceased,  the  clamp,  above  referred  to,  is 
closed,  and  only  opened  from  time  to  time  to  liberate  the  gases 
which  have  accumulated. 

At  the  end  of  the  time  mentioned,  the  fluid  contents  of  the  flask 
are  distilled  off,  until  the  residue  in  the  flask  measures  only  1  to 
1*5  litres.  The  strongly  ammoniacal  distillate  having  been  acidulated 
wth  hydrochloric  acid,  which  decoinposea  the  sulphide  of  ammonium 
present,  is  then  jirecipitated  with  8f»lntion  of  sulphate  of  copper 
and  filtered.  The  clear  filtrate  is  thoroughly  shaken  up,  in  repeated 
fractions,  with  ether  in  a  stoppered  separating  funnel  of  about  half-litre 
capacity.  The  united  ethereal  extracts  are  distilled  until  the  residue 
measures  500  cc,  the  residue  is  twice  thoroughly  shaken  with 
solution  of  caustic  soda,  Avith  the  object  of  separating  phenol 
and  traces  of  acids.  The  ether  is  then  distilled  off  at  the  lowest 
possible  temperature,  and  the  oily  residue  having  been  treated 
with  caustic  soda,  is  distilled  in  a  current  of  steam,  until  no  more 

^  Baeyer,  Ann,  CJum,  u.  Pharm.  Vol.  cxh.  p.  295.  and  A.  Emmerling  uid  C.  Eugler, 
Ber,  d.  dfutAch.  ch^m.  Graethth.  Vol.  I.  p.  17,  anci  Vol.  iii.  p.  885. 

*  M.  Nencki,  •  Ueber  die  HomfarbRtoffe  bos  der  ludigogruppe  und  Uber  die  PankreciS' 
verdanung.'  Her.  d.  deutsch.  rhmi.  <jf$fU$ch.  Vol.  vin.  {1875),  p.  336.  M.  Nencki, 
•Ueber  das  IndoK'  ibid.  Vol.  vm.  (1875),  p.  722. 

»  Kfihne,  Her.  d,  deuUcU.  cliem.  GcMelUich.  Vol.  vin.  (1875),  p.  20e 
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indol  distils  over.  The  distillate  is  again  shaken  with  ether,  tb? 
ethereal  solution  distilled  at  the  lowest  possible  temperature,  and  the 
residue  is  evaporated  iu  a  deep  flask  until,  on  being  allowed  t*)  cf«il. 
the  residue  sets  as  a  crystalline  mass.  The  latter  is  then  dried  iu  au 
exsiccator  over  sulphuric  acid.  It  may  be  purified  from  skatol  by 
recrjstallising  from  water.  The  yield  of  indol,  by  the  process  describei 
amounts  to  about  6*5  parts  per  1000  parts  of  water-free  fibrin,  or. 
using  the  (quantity  of  pressed,  but  yet  moist,  fibrin  recommended, 
the  amount  obtained  is  about  3  grammes. 

It  was  previously  stated  that,  according  to  Baumann,  indol  and 
skatol  are  not  directly  split  off  from  the  proteid  molecule  but  in 
products  of  decomposition  of  an  intermediate  substance.  El.  and  E 
Salkowski  have  specially  studied  this  matter  in  reference  to  iodoi 
and,  as  a  result  of  their  experiments,  have  arrived  at  the  foUowiog 
conclusion  in  reference  to  indol :  "  That  in  the  putrefaction  of  albumin, 
indol  is  not  immediately  liberated  from  the  albumin  in  a  free  con- 
dition, but  that  an  intermediate  product  is  formed,  which  is  graduallj 
decomposed  by  the  further  action  of  bacteria.  This  intermediiti 
product  is  still  unknown  ;  it  is  not,  however,  peptone,  the  quantity  of 
which  is  (throughout  the  proce.'w  of  preparation)  small,  and  in  the 
later  stages  seems  entirely  to  disappear*." 

Alleged  diB-  According  to  Odermatt*,  Nencki*,  and  Brieger*.  if 

appearance  of  putrefaction  be  long  continued,  the  quantity  of  iodol 
Indol  OB  a  result  jn-adually  diminishes.  Thus,  in  an  experiment  whick 
«„*«#Il*?  lasted  five  months,  Nencki  found  that  the  producuiof 

putrefaction  contamed  no  mdol,  but  only  skatol,  whilst 
Brieger,  in  the  products  of  putrefaction  of  liver,  found  no  indol  after 
a  lapse  of  only  eleven  days.  Salkowski*  has,  however,  come  to  the 
conclusion  that  indol  is  not  destroyed  by  the  long  continuance  of 
putrefaction,  and  that  its  non-discovery  in  the  ai.K>ve  experiments  i* 
to  be  explained  by  the  fact  that  they  were  conducted  in  open  vessels 
and  that  the  aubstaiice  had  disappeared  through  evaporation, 

phyBicai  and  Indol  crystallises  from  hot  aqueous  solutions  in  the 

chemical  pro-  f,,^^!  of  small  scales,  the  melting  point  of  which  is 
pertieaorindoi.  52'"  Q,  and  the  boiling  point  245^— 246' C.  Indol,  how* 
ever,  partly  decomposiis  when  heated  to  its  boiling  point,  so  that  it  tt 
advisable  to  distil  it,  as  recommended  in  the  directions  for  iti 
preparation,  in  a  current  of  steam.     The  vapour  of  indol  Dosseases  a 


'  E.  8alkowski,  '  Zur  Kenntni^s  der  EiwoiBsfaulniBB,  1:  Ueber  die  BUdong  lit* 
Indole  nnd  SkatoU,  oacb  gemeinschaftlich  rait  H.  Salkownki  in  Mimster  augcstuHoi 
Versucben,'  SCeiUi-hrift  f.  phijuiol.  Chcmif,  Vol.  vin.  (1883 — 4).  pp.  417 — 466.  RefisrW 
Sect.  VII.  *Ueher  den  Modus  d«r  Entecebung  des  Indols  aus  dem  EiwelBat'  op,  <^t' 
pp.  454—457. 

'  Odennatt.  '  Zor  EenntnisB  der  Phenolhildnng  bei  der  Fanlnis«  der  Etweiisktinx'.' 
Joum.f.  prakt.  Chemie,  Vol.  XTm.  (1878),  p.  240. 

»  Nencki,  op.  cit,  Centralb.  f.  d,  med.  \Vi*».  1878,  No.  47. 

*  Brieger,  '  Ueber  die  aromntiflchen  Produktc  aus  Eiweiaa,*  Zeitnehr.  f.  phjft.  C7u 
Vol  in.  (1879),  p.  134  tt  i<:q. ;  see  p.  180. 

'  SaiitOTreJti,  op.  cU,  ZtiUch.  /.  pliyi.  CK«m.  ^.  hhl  t\  ««i. 
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leculiar,  disgusting,  faeculent  smell.  Indol  is  tolerably  soluble  in  hot, 
Lnd  leas  soluble  in  cold,  water;  it  ia  easily  soluble  in  alcohol,  ether, 
shloroform,  benzol,  and  petroleum  ether. 

„    ,  1.     A  watery  solution  of  indol  when  treated  with 

strong  yellow  nitric  atnd,  or  better  still  with  a  2  per 
^ent.  Bolutlon  of  sodium  nitrite  and  pure  nitric  acid,  is  either  coloured 
red  or  furnishes  a  red  precipitate  of  nitrate  of  nitroso-indol 
Ci8Hi3(N0)Nj,  HNOj,  which  is  very  slightly  soluble  in  water,  readily 
Boluble  in  alcohol,  and  insoluble  in  ether,  and  is  readily  decomposed. 
If  the  solution  is  so  dilute  iis  not  tv>  yield  a  precipitate  spontaneously, 
this  may  be  caused  by  shaking  with  chloroform,  when  at  the  line  of 
juDCtiun  of  the  colourleHS  chloroform  and  the  red-coluured  liquid  a 
red  precipitate  becomes  visible. 

"The  characteristic  red  colouration  which  cholei-a  cultures  in  bouillon 
exhibit  when  they  are  treated  with  dilute  sulphuric  acid  ('  Cftolern^reactu/n^) 
depends  upon  the  simultaneous  production  of  indol  and  nitrovis  acid  by  the 
cholera  spirillum.  The  nitrous  acid  ia  set  free  by  the  dilute  sulphuric  acid 
and  then  nct^  npon  the  iudol,  and  the  red  nitroso-indol  is  then  formed, 
■which  is  identical  with  cholera-red.  '  Vibrio  Met9chnikoffli '  also  exhibits 
the  cholera  reaction'." 

'*The  nitrous  acid  test  for  indol  enables  us  readily  to  detect  the  body  : 
in  the  products  of  a  pancreatic  digcstiou  which  has  not  been  aseptic.  ' 
With  this  object  the  fJuid  resulting  from  the  digestion  is  distilled,  and  to 
every  200  or  300  cc.  of  the  distillate  are  added  fi-om  5 — 8  cc.  of  a  i-eddish- 
yellow  nitric  acid.  Thp  liquid  thu.s  ti-eated  assumes  chn  colour  of  arterial 
blood  and  in  the  course  of  some  hours  deposits  the  red  precipitate,  oom|>osed 
of  nitrate  of  nitroso-indol.  By  dis-solving  this  precipitate  in  a  little  hot 
absolute  alcohol  and  then  adding  ether,  the  substance  is  obtained  in  the 
form  of  beautiful  red,  microscojuc,  needles.  The  red  colouration  which 
pancreatic  juice  exhibits  when  treated  with  impure  nitric  acid  was  first 
observeil  by  Claude  iJeniard'  "  (see  p.  2G4). 

2.  A  small  piece  of  pine  wood  moistened  with  strong  hydro- 
chloric acid  and  then  plunged  into  an  alcoholic  .solution  of  indol, 
acquires  a  cherry-red  colour. 

3.  (Legal's  reaction').  When  sodium  nitro-prusside  is  added  to 
a  solution  of  indol  of  1  iu  1000,  so  as  to  produce  a  yellowish  coloura- 
tion, and,  thereafter,  some  drops  of  solution  of  caustic  soda,  the  liquid 
instantly  becomes  of  a  deop  violet-blue.  On  acidulating  with  hydro- 
chloric or  acetic  acid,  the  colour  at  oucti  changes  to  a  deep  blue, 
which  is  destroyed  by  an  excesjs  of  acid.  The  second  stnge  of  the 
reaction  is  so  delicate  that  in  a  solution  containing  only  1  part  of" 
indol  in  10,000  of  water,  a  deep  blue  colouration  is  observed*: 
Heiuala  has  studied  the  spectroscopic  characters  of  Legal's  reaction". 

I  PrTh.  Weyl.  Lehrintch  d.  org.  Cfumie,  Berlin,  IH91,  p.  452. 

*  Maly,  Hermann's  HandbucM,  Vol.  t.  u.  p.  225.  i 

*  lir^*Uiuer  firUtliche  Zeitschrift,  18^,  No8.  3  iind  4,  quoted  by  SalkowakJ.  ■ 

*  Salkowski,  «j>.  eit.  Zfitnchr.  f.  phyn.  Chrm.  Vol.  tiii.  p.  447. 
^  Kich.  Heiuoltt, '  Zur  Keiiutnititi  der  in  der  cbtunischen  Physiologie  zor  Anvondang 
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4,  Indol  is  diBsolved  in  very  little  beuzol,  and  about  three  tima 
its  weight  of  crystallised  picric  acid  is  then  added.  The  liquid  being 
cautiously  heated,  enough  benzol  is  added  to  dissolve  the  whole.  On 
cooling,  the  liquid  is  converted  into  a  magma  of  red  crystalB,  owing 
to  the  union  of  equal  molecules  of  indol  and  picric  acid.  Tbis 
compound,  which  presents  the  appearance  of  long,  red,  shining  crystals 
is  soluble  with  difficulty  in  cold  benzol  or  petroleum  ether,  but  it 
can  be  easily  recrj'fltaltised  from  its  solution  in  the  former.  In  order 
to  separate  indol  from  its  picric  acid  compound,  the  latter  is  decom* 
posed  with  ammonia,  and  the  solution  is  shaken  with  petroleum 
ether,  xvhich  readily  dissolves  the  liberated  indol.  On  evaporating 
the  solution,  indol  m  the  form  of  fine  crystals  is  left  behind*. 

A  part,  probably  the  chief  part,  of  the  indol  formed 
in  the  intestines  is  excreted  in  the  feces  A  part  is, 
however,  especially  if  constipation  or  obstruction  of  the 
bowels  exist,  absorbed,  oxidised,  and  excreted  in  the 
urine  as  the  putaissium  salt  of  indoxyl-sulphuric  acid  or 
indican  (see  p.  169).  From  the  amount  of  the  latter  substance,  we 
can  form  a  judgment  as  to  the  extent  of  the  putrefactive  decompo- 
sition of  prot^ids  iu  the  alimentary  canal.  The  matter  will  be  again 
considered  in  discussing  the  constituents  of  the  urine. 


Tata    and 

transforma- 
tlona  of  Indol 
In    tbe    eco- 
Qomy. 


yC  •  CH,)8  ==  CH 
2,     Skatd*,  C,H,N  or  C.H,<^  .^ 

Skatol  or  ^-methyl-indol,  was  separated,  in  Nencki's  laboratory  by 
Brieger*,  from  the  faices;  Nencki*  afterwards  obtained  it  from  tbe 
products  of  pancreatic  putrefaction. 

Methods  of  Nencki  allowed  2330  grma  of  fresh  pancreas  and 

preparation.  ^qq  ^^^^  ^j-  ^^^^^  f^^^  ^^^^  ^^^  ^^^  ^^.^jj  ^[^^fd, 
niixeil  with  eight  hires  of  water,  to  decompose  during  5  months,  the 
temperature  varying  during  this  period  between  S'a'^C.  and  27'5'C. 
At  this  temperature,  he  found  only  skatol,  and  no  indol  amongst  tbe 
products. 

In  order  to  separate  tbe  skatol,  he  added  an  excess  of  acetic  add 
and  distilled.  The  distillate  was  acidulated  with  hydrochloric  add 
and  treated  with  picric  acid,  which  precipitates  skatol,  in  the  form  of 


M 


gckommoncn  NitropruaBidsalzreactionen,*  Rrukeaberg's  Untertuch,  Heft  3,  pp.  117 
see  p.  184,  Jeua,  1S88. 

*  Hoppe-Seyler,  Handbiich  d.  phyt.  u.  path,  Chem.  Anal.  6te  Aufl.  BerUn,  ISM, 
p.  103. 

*  From  (Tfrwp,  gen.  <TKa.Ti>%,  dung. 

'  L.  Briegcr,  'Uuber  die  Atichtigen  Bestandtheile  der  mfinsohlichfin  BzCKm«ot»' 
(aas  a.  Lab.  vod  Prof.  Nencki  in  Bern),  Ber,  d.  tUtttscK  chem,  QeMelUeh.  Vol  X.  (l^ 
pp.  1027-1032. 

*  M.  Nencki,  *  Vortbeilhafte  BarBteUuDg  des  SkatoU/  Cenfralblatt  /.  d,  «v>'^ 
Wugemeh<\/t.  No.  47. 
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ft  picric  acid  compound  which  crystallises  in  the  form  of  beautiful  red 
needlea.  This  corupnuud  was  then  treated  ^vith  ammonia  and  distilled 
in  a  current  of  steam,  when  the  skatol  distilled  over. 

As  was  previously  stated  (page  422),  Salkowski 
found  that  indol  is  not  destroyed  during  the  course  of 
long-continued  putrefaction,  as  Odenuatt,  Nencki  and 
Brieger  had  supposed,  its  non-discovery  in  their  experiments  being 
probably  due  to  its  volatilisation.  According  to  Salkowski,  from 
whatever  source  prepared,  all  indol  contains  skatol  and  the  conversaj 
is  also  true\ 

As  a  result  of  their  inquiries  E.  and  H.  Salkowski 
came  to  the  conclusion  *  that  skatol  and  indol  can 
replace  each  oilier,  seeing  that  in  the  albuminous  mole- 
cide  skatol  does  not  form  one  definite  fraction  and  indol 
another^  but  both  substances  take  their  origin  in  a  common 
mother-substance  which  exists  in  the  proteid ;  this  sxdistance^  according 
to  circumstances,  yields  at  one  time  indol  in  preponderating  quantity, 
and  at  another  time  skatol^  so  that  free  skatol  may  be  ahnoat  absent*,' 

When  we  reflect  that  the  relative  quantities  of  indol  and  skatol 
differ  greatly  in  different,  apparently  identical,  experimentfi  we  are 
almost  forced  to  the  explauation  advanced  by  Salkowski,  viz.  that 
the  difference  in  the  product  must,  ceteris  paribus^  depend  upon  the 
difference  in  the  agents  which  bring  about  the  decomposition,  to  wit, 
the  bacteria.  To  support  his  contention  Salkowski*  calls  to  our 
remembrance  the  experiments  of  Fitz*  on  two  organiams,  of  which  the 
first,  when  acting  on  glycerin,  nearly  always  produces  ethyl-alcohol, 
and  the  second  butyl-aicohol.  Similarly  we  may  assume  the  existence 
of  an  indol-producing  and  of  a  skat-jl-producing  micro-organism, 
though  no  one  has  as  yet  succeeded  in  cultivating  them  sepanitely 
and  identiiying  them. 

Pbyiicai  azid  Skatol,  like  indol,  crystallises  in  the  form  of  platelets, 

chemical  pro-  which  have  a  melting  point  of  95*  C  and  a  boiling 
peruea  of  aka-  j^{nt  of  265'' — 266'  C.  It  possesses  a  loathsome,  faecal, 
odour.  It  is  more  sparingly  soluble  in  water  than 
indol,  but,  in  the  presence  of  steam,  distils  more  readily  than  JndoL 
It  is  readily  soluble  in  alcohol,  ether,  chloroform,  and  benzol. 

It  forms  a  compound  with  hydrochloric  acid  which  has  the 
composition  (CyHgNXHCl;  this  compound  is  readily  soluble  io  alcohol, 
but  insoluble  in  water  or  ether.  With  picric  acid,  aa  already  slated, 
skatol  forms  a  crystalline  compound,  analogous,  and  very  similar,  to 
the  indol  compoimd.  It  is,  however,  distinguished  from  the  latter  in 
that,  when  treated   with  caustic  soda  and   distLJled,  skatol   passes 


1  '  In  keinem  unserer  YervQohe  wnrde  Indol  vennlsst,*  Salkowald,  op.  eit.  p.  448. 
>  Salkowaki,  op.  cit.  p.  444. 

•  Ibid.  p.  442, 

*  Alb.  Fiiz,  *  Ueber  Spaltgahrungen,'  Ber.  d.  deutich.  ehem,  Oe*elUcK  Vol.  zn.  (1679), 
p.  648. 
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unchanged  into  the  distillate,  whereas  the  picric  acid  compound  of 
indol  when  similarly  treated  does  not  furnish  indol,  in  consequence 

of  the  latter  being  decomposed. 

Chancterixtio         Skatol   18  recognised   by   its  crystalline   form,  its 
wMtioxu.  {isc&i  odour,  and  its  melting  point,  and  by  the  following 

reactions : 

1.  It  does  not  like  indol,  which  it  closely  resembles,  give  a 
red  colouration,  or  precipitate,  with  nitric  acid,  containing  nitrous  acid, 
but  only  a  niilky-wbite  turbidity,  which  is  perceptible  in  a  solulioD 
containing  1  part  of  skatol  in  10,000  of  water  (Salkowski). 

2.  It  dissolves  in  concentrated  hydrochloric  acid,  the  solution 

possessing  a  violet  colour. 

3.  When  a  solution  of  skatol  is  treated  with  a  solution  of  sodium 
nitro-prusside  and  then  solution  of  caustic  soda  is  added,  an  intense 
yellow  colour  appears.  On  now  adding  one-fourth  of  its  volume  of 
glaciiil  acetic  acid  and  boiling  for  some  minutes  the  solution  gradu&liv 
becomes  violet.  The  intensity  of  the  colouration,  which  is  not  grea!, 
increases  with  time.  When  Khakeo  with  acetic  ether,  the  colouiing 
matter  is  taken  up  by  it  (Salkowski*). 

4.  When  skatol  is  dissolved  in  benzol  and  the  solution  is  treated 
with  a  solution  of  picric  acid  in  benzol,  the  red  picric  acid  compound 

parates.     Wlien   distilled    with   caustic    soda,   this   yields    skatol 
unchanged  {vide  supra). 

Skatol  is  in  great  part  excreted  in  the  faeces ; 

is,  however,  absorbed,   oxidised,  and   excreted   in  the 

tiona  of  akatoi    ^riue  as  one  of  the  so-called  ethereal  sulphates — sks^ 
in  tbe  economy.  *^ 


Fate  and 
transformft- 


ikatol 
9oam 


toxyl-sulphuric  acid  (compare  p.  169). 


3.     a^Skatolcarbonic  add,  CwH^NO,  =  C^H^ 


C.CH,  =  C.COU 


r^ 


In  addition  to  indol  and  skatol,  E.  and  H.  Salkowski  discove 
amongst  the  constavt  products  of  the  putrefaction  of  proteids,  a  body 
which  is  closely  related  to  the  two  former,  and  to  which  they  gaT« 
the  name  of  skatolcarbonic  acid',  a  name  justified  by  the  fact  that  it 
may  be  artificially  produced  by  heating  methyl-indol*  and  metallic 
sodium  in  a  current  of  CO.j. 

Mode  of  86-  The  method  of  preparation  of  skatol-carbouic  add 

paration.  which,  unlike  indol  and  skatol,  is  non-volatile,  is  w 

*  Salkowski,  trp.  cit.  ZeiUcU.  f.  phjg.  Chamif,  Vol.  vui.  (1883—81),  p.  448. 

*  E.  Salkowski,  'Zur  KenntnisB  der  EiweiBaBiulnias,  II.:  Die  8katoloarboDiiof*i 
naoh  gemeinsohaftUch  mit  H.  Salkowski  in  MiVnBter  i.  W.  angestellten  VemifibiB,' 
Zeitsekr.f.  phyn.  Chemif,  Vol.  ii.  a«85),  pp.  8—33. 

3  Ciomician  and  Magnanini.  'Ueber  die  Carbonsliaren  der  MethjUndole.*  B^r.^ 
deutsch.  chem.  GettlL  VuL  xxi.  V^^i^V  V-^^*^^. 
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bmpUcated  that  the  reader  is  referred,for  the  description,  to  Salkowski's 
nginal  paper.  The  body  possesses,  however,  chemical  characters 
fcich  permit- of  its  ready  identification,  and  the  following  method 
iflices  to  yield  a  product  which  enables  its  reactions  to  be  tried. 

Thirty  or  fifty  cc.  of  the  decomposing  liquid  are  concentrated,  on 
te  water  bath,  to  about  one-iifth  their  volume,  by  which  means  iudol 
kd  skatol  are  driven  oft'.  The  litiuid  is  tlien  acidified  with  glacial 
tetic  acid  and  shaken  with  ether.  The  ether  is  separated  and 
kaken  with  a  very  weak  solution  of  sodium  carbonate,  which  takes 
b  the  acid  from  the  ethereal  solution.  The  sodium  ekatol-carbouate 
Blution  can  then  be  employed  for  trying  the  reactions. 

?rop«rtieB  of  Skatol-carbonic  acid  occurs  in  the  form  of  colourless 

gtoX-wLTbonic  leaflets  which  are  readily  soluble  in  alcohol  and  ether, 
and  sparingly  soluble   in  water.     They  melt  at  a  tem- 

rature  of  164^  C.     When  still  further  heated,  the  body  splits  up 

to  skatol  and  carbon  dioxide. 

\  &«seti  ^*     (2^itnc  acid  and  potassium  nitrite^.)    When  a 

i  solution  of  the  acid  (which  may  only  contain  1  part  in 

|0OO  of  wat€r)  is  treated  with  some  drops  of  pure  nitric  acid  (of 
Dl  gr.  1*2)  and  then  with  a  few  drops  of  potaj^iuni  nitrite  solution 
I  */(,),  the  solution  assumes  pretty  generally  a  cheiry-red  colour ;  it 
(en  becomes  turbid  and  deposits  a  red  colouring  matter,  which  is 
Bsolved  by  acetic  ether,  when  this  liquid  is  shaken  up  with  it.  The 
iution  in  acetic  ether  exhibits,  if  sutHciently  diluted,  an  absorption 
tXid  in  the  green.  When  the  solution  in  acetic  ether  is  shaken  up 
mth  solution  of  caustic  soda,  the  former  is  decolourised,  whilst  the 
P"Tner   acquires   an    intense    yellow   colour.     If  now   an    excess    of 

Edrochloric  acid  bo  added  the  red  colour  is  restored,  and  again  is 
ssolved  by  acetic  ether.  Instead  of  acetic  ether,  amyl-alcohol  may 
p  employed,  in  which  the  red  colouring  matter  is  even  more  soluble. 
p  is  insoluble  in  ether,  henzol,  and  chloroform.  The  reaction  %vith 
Itric  and  nitrous  acids,  though  reminding  one  of  the  indol  reaction 
M  be  shewn  not  to  depend  on  the  formation  of  nitrate  of  uitroso- 

fdol  (Salkowski). 
2.     (Hydrochloric  acid  and  bleaching  powder'.) 
The  aqueous  solution  is  treated  with  au  equal  volume  of  HCI 
tf  1'2  8p.  gr.)  and,  afterwards,  with  some  drops  of  a  weak  (1 — 2  ",y 
riution  of  bleaching  powder     The  mixture   gradually  acquires  a 
hrple-red  colour   and,   after   long  standing,  deposits   a  purple-red 

rcipitate  which  is  easily  soluble  iu  alcohol. 
3.     (Hydrochloric  acid  and  ferric  chloride^) 
This  reaction  is  much  more  delicate  than  the  two  first.     If,  to  a 
elation  containing  1  part  of  the  acid  iu  10,000  of  water,  a  few  drops 

^  Salkowaki,  *  Ueber  dnn  Verhaltcn  der  Skatoloarbonaaare  im  Organismna,'  iSeiUch. 

ihy:  Clwm,  Vol.  ix.  (1885),  p.  2B. 

'  Balkowaki,  op.  erf.  Zeitsch./.pkyt.  Chem.  Vol.  ix.  p.  26. 
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bonlo   acid 
tlitt  urine. 


in 


of  hjdrocbloric  acid  be  added,  and  then  two  or  three  drops  of  a  very 
dilute  solutiou  of  ferric  chloride  aud  the  inutture  be  then  healed, 
becomes,  even  before  the  boiling-point  is  reached,  of  an  intease  riol 
colour.  If  the  solution  be  more  dilute  (1:100,000)  the  reaction 
still  very  distinct ;  if  more  concentrated,  a  larger  quantity  of  acid 
iron  solution  must  be  added,  and  the  oolour  is,  in  that  ease,  an 
intense  cherry-red. 

OccurrenM  Salkowski  has  found  that  when  skatol-carboniQ 

of   Bkatoi-c»r-    jg  introduced  iutti  the  body,  it  is  excreted  unchanged 

the   urine,    where   it    may   readily   be    detected. 

believes  that  he  detected  the  presence  of  this  bodv  in 
normal  human  urine ^  Baumann  does  not  however  hold  the  evideDce 
on  this  point  to  be  decisive^ 

Dehivatives   of  Tyrosine    found   in   the   Products  op  the 
Bacterial  Deo^mpositiox  of  Proteids. 

Besides  indol,  skatol,  and  skatol-carbonic  acid,  certain  aromatic 
bodies  which  have  been  shewn  to  be  derived  from  tyrosine  are 
found  amongst  the  products  of  the  bacterial  decomposition  of  the 
albuminous  and  albuminoidal  bodies,  and  therefore  in  pancreatic 
digestions  complicated  witli  putrefaction.  Our  knowledge  of  these 
aromatic  products  of  putrefaction  of  tyrosine  is  based  on  the  researches 
of  Baumanu.  Brieger,  E.  and  H.  Salkowski,  Th.  Weyl  and  others.  It 
is  to  Baumann  that  we  are  indebted  for  the  conception  of  the  w»y 
in  which  the  principal  products  of  the  decomposition  of  proteids  are, 
probably,  related  to  one  another  (refer  to  page  248). 

1.  According  to  Baumann,  tyrosine,  when  subjected  to  putr^ 
faction,  yields  bv  a  process  of  reduction,  as  the  first  product,  hydro- 
paracumaric  acid,  thus  : — 

p       jOHp 

^•^  JCH, .  CH(NH,).  COOH.     ^* 

ParoxypfaeDjl-a-amidopropionic  acid  ijTyroBioe) 

"  ^'^*  {  CH, .  CH, .  COOH.  ^  ^^' 

Para-oxjpheuyl-proptoiiic  or  bj^drop&racamaric  acid. 

2.  By  a  process  of  decomposition  and  subsequent  oxidatiou 
(compare  equations  2  and  3,  p.  248)  hydroparacumaric  acid  yields 
paroxyphenylacetic  acid  (E.  and  H.  Salkowski). 

OH  i^^ 
^•"*1CH,.C00H 

Para-oxjphenxl-ooctic  acid. 

^  E.  Salkowski.  '  Ueber  daa  Verhalten  der  Skatolcarbonsaore  im  OiganiaDfll,' 
ZeiUch.  f.  phijt.  Ch^m,  Vol.  ix.  (1H85),  p.  32. 

*  Baumann,  Her.  d.  deutfch,  ehtm,  OeselUeh,  Vol.  xiu.  p.  284. 
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By  a  process  of  decomposition,  paroxyphenylacetic  acid  splits 
tnto  carbou  dioxide  and  parakresol,  thus  (Weyl) : 

OH 


C.H, 


fOH 


1CK,.C00H 

Para-oxyphen;l -acetic  acid. 


=  C,H. 


CH, 

Para-kresol 


+  C0, 


^P^  By  a  process  of  oxidation  and  subyequent  decomposition  (refer 
^^uations  5  and  6,  p.  248),  parakresol  yields  as  products  B[,0,  CO, 
andCHa.OHor  phenol. 

In  addition  to  the  above  pruducts^  E.  and  H.  Salkowaki  have 
ilao  found  phenyl-propionic  and  phenyl-acetic  acid  amongst  the 
»roducts  of  decomposition  of  certain  albuminoid  bodies. 


B'^fdroparacurnario  acid,  C^HjoO,  (HO .  CH^ .  CHa .  CH, .  CO .  OH). 

^^k  (Psra-oxfpbexiyl-propioiiia  acidy. 

This   acid,  besides  being   found   amongst   the   products   of  the 
^composition  of  proteids,  is  also  found  in  urine. 


Properties. 


When  obtained  by  evaporation,  the  acid  first  of  all 
presents  the  appearance  of  an  oil,  which  subsequently 
■ystallisea  When  recrystalliHed  from  water,  it  forms  small,  colourless, 
^hydrous,  monocHnic  crystals,  which  are  readily  soluble  in  water 
'Specially  hot),  alcohol  and  ether.  The  solubility  of  this  acid  in 
^ter  is  greater  than  that  of  paroxyphenylacetic  acid.  Hydropara- 
^mEkric  acid  is  sparingly  soluble  in  benzol,  but  more  soluble  than 
^oxyphenylacetic  acid.  The  melting-point  of  the  acid  is  125^ — 
28°  C.  The  zinc  salt  has  the  composition  (Ci,H,03)aZn -I- 2H80  and 
*>'Stalli2es  in  pearly  tables  and  leaflets,  which  are  soluble  in  130  parts 
f  water  at  ordinary  temperatures. 

^  With  solutions  of  ferric  chloride  it  gives  a  fleeting, 

but  distinct,  blue  colouration.  When  boiled  with  Millon  s 
^ac^ent,  the  solution  assumes  a  red  colour  and  a  red  precipitate  furms', 
t  does  not  reduce  Fehling's  solution. 

SdiftTtoarin  When  introduced  into  the  organism  hydropara- 
iteorsanlm.  cumaric  acid  is  excreted  in  the  urine  in  part  as  such, 
lid  in  part  as  phenol. 

'  Fldgg«  ihewcd  that  phenol  exhibits  Millon's  reaction  {P.  C.  FlUgge,  'New 
t«*oUon  auf  CarbolBiiure,'  ZtUach.  /.  anal,  ChemU,  Vol.  xi.  (1872),  p.  173.  O.  NasM 
•  Ueber  die  oromatische  Gruppe  im  EiweiBBmoleciil,'  fully  abstracted  in  Maly'a  Jahret- 
"«n>fci^  Vol.  n.  (1880),  pp.  2 — 4,  shewed  that  Millon's  reaction  ia  not  confined  to 
>ixiteid£  and  to  tyroain,  but  is  a  general  reaction  of  all  aroinatio  bodies  in  which  a 
^droxyl  groap  ia  connected  with  the  benzol  ring. 
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Para-oxyphenyl-acetic  acid,  C.H.O,  (HO.CA.CH,.  CO.OHl 

This  acid  wau  obtained  by  £.  and  H.  Sallcowski*  as  a  product  of 
the  putre&ction  of  wool  and  uf  albuminous  bodies,  and  by  Baumaim 
frooj  tyrosin  by  a  process  of  putrefaction  initiated  by  decomposing 
panc^eas^  besides  being  found  by  him  in  the  urine,  after  injection  of 
tyrosin,  in  phosphorus  poisoning,  &c. 

Phyiicai  and  Para-oxyphenyl-acetic  acid  crystallises  from  water  in 
chemical  pro-  ^^^  form  of  prismatic  transparent  prisms  which  are 
readily  soluble  in  water,  alcohol,  and  ether,  but  soluble 
with  difficulty  in  benzol.  It  melts  at  148"  C.  and  when  more  strongk 
heated  is  partly  decomposed  and  partly  volatilises  unchanged.  Tne 
sulphates  of  copper,  zinc  and  cadmium  precipitate  aqueous  solucions 
of  its  ammoniacal  salt. 

Acetate  of  lead  does  not  precipitate  dilute  solutions  of  the  ftcid 
but  when  added  to  concentrated  solutions  occasions  a  crystaUice 
precipitate,  soluble  in  excess  of  the  precipitant  but  which  sub- 
sequently slowly  separates  out  again.  L'nder  the  influence  of  piitn:" 
faction,  this  acid  decomposes,  yielding,  as  products,  parakresol  aud 
carbon  dioxide. 

With  solution  of  iron  chloride  it  gives  a  pale  grey- 
violet,  which  soon  changes  to  a  dirty  grey-green  colour- 
ation. 

It  exhibits  the  red  reaction  when  boiled  with  Millon's  reagent 

Behaviour  In  This  acid,  which,  as  has  been  said,  is  found  in  the 

the  orffaniam.  yrine  after  tyrosin  has  been  given  with  the  food,  is 
excreted  partly  in  the  pure  condition  and  partly  in  combination  witlt 
•sulphuric  acid*. 


BeacUons. 


Phenyl-acetic  acid, 
C.H,.CH,.COOH 


and 


Phenyl-pf'cypionic  acid, 
CeH..CH,.CH,.COOE 


These  two  acids  were  discovered  in  the  proilncts  of  the  putre- 
factive decomposition  of  albuminous  substances  by  the  brotbei^ 
Salkowski'. 

'  E.  and  H.  Salliowski,  Bcr,  rf.  d^utsch.  chem.  Get,  Vol.  xn.  p.  660. 

a  Baiimaun.  Xeitsch.  /.  phys.  Chem.  Vol.  it.  (1880).  p.  305. 

*  E.  Salkowski,  '  Zur  Kenntnins  dor  PaucrcasverdBunng  (vorlaufige  Mit 
Zeitgch.  f.  phjnot.  Chfniie,  Vol.  u.  (1878—79),  pp.  4*J0 — VH.     In  the  '  Nachwhiift' 
this  papcT  thf  Author  announce!*  that  hifi  brother  had  id^mtified  the  add  of  which 
it  treated  as  phenyl-acctic  acid ;  see  also  £.  and  H.  Salkowski.  Ber.  d.  d.  chrm,  Otfll 
Vol.  XII.  nH7y)  pp.  107  and  053. 

£.  Salkovala,  '  Zur  EenQtm»9  der  Eiweittsf&uluisa  11.  Die  Ska^lcarbunuore- 
Zeitteh.  /.  phui.  Chemif,  Vol.  xx.  (1885),  pp.  8—22.  The  Tolatile  aromatic  uiAt  ut 
referred  to  and  the  Bcheme  for  their  reparation  indicated  (pp.  10 — 17), 

E.  Salkowtiki,  '  Zur  KenDtnias  der  FiiweiDsranlniRS  til.  Ueber  die  Bildniog  d»r  oie^^ 
hydroxylirten  aromatiachen  Siiureii,'  ZeitMch.  /.  phtfs.  CA«mic,.Vol.  ix-  (I886l,  pp-  *"• 
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The  relative  proportion   of  the   acids   preseut  depends   on   the 

igth  of  time  during  which  the  process  of  decomposition  has  been 

going  on,  phenyl-propionic  acid  being  lirat   formed.    In   the   early 

stages,  phenyl-acetic  acid  may  be  absent. 

^      Besides  being  found  amongst  the  products  of  the  decomposition  of 

■Ibumin  and  gelatin  by  anaerobic  bacteria  (Nencki^),   these  acids 

Hkftve  been  detected  in  the  contents  of  the  rumen  of  the  ox  (Tappeiner*). 

■^Method  of  The  Hi|uid  products  of  putrefaction  are  distilled  to 

Bsp&rmuon^.  one-sixth  of  their  original  volume  and  the  residue  is 
BtUl  further  concentrated,  then  treated  with  alcohol  and  the  alcoholic 
extract  is  filtered  from  insoluble  matters.  Tiie  alcoholic  filtrate  is 
evaporated  to  dryness,  and  the  residue  having  been  treated  with 
water  and  rendered  strongly  acid,  by  means  of  sulphuric  acid,  is 
shaken  up  with  ether.  The  ethereal  solution  is  allowed  to  evaporate, 
and  the  residue  is  treated  with  solution  of  caustic  Hoda  until  the 
reaction  is  alkaline.  The  liquid  is  heated,  so  as  to  dissolve  the 
sodium  soaps  of  the  higher  fatty  acids  and  the  hot.  turbid,  solution  is 
precipitated  by  means  of  barium  chloride.  The  mLxture  is  filtered 
and  the  clear  filtrate  is  evaporated  to  dryness,  acidulated  with  hydro- 
chloric acid,  and  extracted  with  ether.  The  ethereal  solution  is  now 
evaporated  to  dryness,  when  an  oily  rasidue  b  left,  consisting  of 
volatile  acids,  oxy-acids,  skatol-carbonic  acid^  succinic  acid,  &c.  This 
residue  is  distilled  in  a  current  of  steam,  the  distillate  being  collected 
in  a  solution  of  sodium  hydrate.  Thi.s  alkaline  solution  is  now  con- 
centrated, acidulated  with  hydrochloric  acid  and  shaken  up  with 
ether.  The  residue  left  on  evaporating  the  ether  is  distilled,  and  the 
fractious  which  distil  at  a  temperature  above  260"  are  collected 
apart;  these  fractions  contain  phenylpropionic  and  phenylacetic 
acids.  In  order  to  separate  the  two  acitis,  the  oily  liquid  is  rubbed  up 
with  zinc  oxide  and  water,  and  the  magma  is  boiled,  with  considerable 
quantities  of  water,  and  filtered  whilst  yet  hot.  The  insoluble  matter 
contains  the  phenylpropionate  of  zinc,  whilst  the  filtrate  contains 
zinc  phenylacetate,  which  separates  out  on  cooling.  By  decomposing 
the  respective  zinc  salts  the  pure  acids  are  obtained. 

Obemloal  Phenylpropionic   acid    crystallises    in   long   slender 

**'*™^'""'  needles,  lbs  melting-point  is  47' — +8' C.  and  it  boils 
at  about  280""  C.  Phenylacetic  acid  crystallises  in  broad  leadets. 
Its  melting-point  is  70'5^C.  and  it  boils  at  62^  C.  In  accordance 
with  their  constitution,  neither  acid  gives  a  red  colouration  or  pre- 
cipitate when  heated  with  Millous  reagent. 

1  NeDcki,  '  UnterKuchuDKen  liber  die  Zeraetzuug  dea  Eiwetfiaes  durcb  auaerobo 
SpftHpilze/  Monarahefte  J.  Chem.  Vol.  x.  (1889).  pp.  .H06  and  1)08. 

=»  Tappciner,  /.eiUcUrift  f.  Biol.  Vol.  xiu.  p.  236. 

*  Although  the  Author  bos  carefully  stadietl  all  the  original  papers  bearing  co  this 
Bohject.  in  his  description  of  the  metbodB  of  separation  of  these  bodies,  he  has  availed 
bima«lf  of  the  aaccioot  account  given  in  Hoppe*Sey]er'i  Handbuck,  dte.  6te  Auf.  Berlin, 
1893.  p.  180. 
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Behaviour  In  a.    Phenyl-propionic   add.     Phenyl-propionic  acid 

tbeorg&niam.  appears  in  the  first  instance  to  be  oxidised  in  the 
animal  economy,  and  the  benzoic  acid,  which  is  the  result  of  this 
process,  conjugating  itself  with  glycerin,  hippuric  acid  results,  which 
IS  excreted  in  the  urine.  £.  and  U.  SaJkowski  believe  that  the 
oxidation  of  the  phenyl-propionic  acid  which  is  formed  in  the 
alimentary  canal  of  carnivora  as  a  product  of  the  putrefactive  de- 
composition of  the  proteids,  is  the  source  of  the  hippuric  acid  which 
they  excrete  in  the  urine*. 

6.  Fheiiy I- acetic  adcL  When  phenyl-acetic  acid  is  introduced 
into  the  alimentary  canal  of  dogs,  it  is  absorbed  and  combines  ic 
the  economy  with  glycocine,  giving  rise  to  a  conjugate  acid  to  which 
£.  and  U.  Salkowski  have  assigned  the  name  of  phenaceturic  acid. 


Phenaceturic  acid  C,„HuNO,  {C,H, ,  CH, .  CO  -  NH .  CH, .  COOH). 

This  acid,  besides  being  produced  when  phenylacctic  acid  is  artificially 
introduced  into  the  organism  of  dogSf  is  a  normal  constituent  of  the  nrix 
of  the  horse  and  perhapa  of  that  of  man. 

"  It  is  sparingly  soluble  in  water,  though  more  soluble  than  hippuric 
acid  ;  it  is  easily  soluble  in  alcohol  and  acetic  ether,  but  is  sparinglv  soluble 
in  ether. 

"  Its  melting-point  is  1 43"  C.  "When  boiled  with  hydrochloric  Bcid,  it  ii 
Tesolved  into  glycocine  and  phenyl-acetic  acid'." 


Phenols  resulting  from  the  Putrefactive  Degompositios 

OF  Tyrosine. 


ParakresoL 

OH 
CH, 


aH«o 


PhenoL 
C«H.OH 


Repeating  the  prucesses  employed  by  Nencki  in  the  preparation 
of  indol  from  decomposing  proteids,  Baumann*  arrived  at  the  con- 
clusion that  appreciable  quantities  of  a  phenol  are  always  produce<l 
during  pancreatic  putrefaction. 

WeyP.  at  the  suggestion  and  with  the  aid  of  Biiumann,  conducted 
experiments  which  led  to  tbe  same  result,  but  shewed  that  gelstin 

^  E.  and  H.  Balkowski,  'Uetwr  daft  Vcrhalten  d*r  ftua  dera  EiweiBs  daroh  Ftiaini* 
ftntstchendcn  aromiktisohcn  Bdarcn  im  Thierlidrper/  ZeiUck,  f.  phyt,  Cfumif,  Vol-  ^ 
(1882— 8B).  p.  171. 

»  E.  and  H.  8alkowflki,  pp.  cit.  Ziii$ch.  f.  phyit,  Chem.  Vol.  vn.  (1883—88),  p.  161 
»  HoppeSeyler,  Bandlmch,  dc.    6te  Auf.   iJerlin,  1893,  p.  182. 

*  Baumann,  *  Zur  Kenntnias  der  aromatischen  Subetanzen  des  Thierkorpen, 
Zeit4ch.f.  phya.  CVwmia,  Vol,  i.  (1877—8),  pp.  60—69. 

*  Dr  Tb.  Weyl,  *  FaaliiisB  Ton  Fibrin,  Amyloid  and  Leim,'  ZeiUcKJ.  phjft*  CAa* 

Vol.  L  (1877—78),  p,  aao. 
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Nencki  had  shewn,  does  not  3deld  indol  as  a  product  of 
decomposition,  also  furnishes  no  phenol     Brieger*  shewed 
excrements  contain  a  phenol. 


iPbe- 
jiro- 


Mixtures  of  albumin  and  pancreas  are  digested  in 
the  incubator  at  a  temperature  of  40'  C,  from  3  to 
4  c.c,  of  a  solution  of  ammonium  carbonate  being  added 
to  each  litre.    After  6  days'  digestion,  the  liquid  product 
I  is  distilled,  and  the  distillation  continued  so  long  as  the 

B  becomes  distinctly  turbid  on  the  addition  of  bromine  water, 
pngly  alkaline  distillate  is  shaken  up  with  one-half  to  three- 
jits  volume  of  ether  and  the  ethereal  solution,  having  been 
1  apart  by  means  of  a  separating  funnel,  is  distilled  The 
[is  treated  with  caustic  alkali  and  water  and  again  distilled. 
I^llate  consists  of  water,  ammonia,  indol  and  skatol  As  soon 
lore  indol  distils  over,  the  residue  in  the  retort  is  neutralised 
hlly  as  possible  with  sulphuric  acid  and  again  distilled.  The 
k  which  contains  the  pbenols,  is  abundantly  precipitated  on 
liion  of  bromine  water,  and  the  precipitate  very  soon  becomes 
me,  the  crystals  presenting  the  appearance  of  fine  needles. 
pd  of  precipitating  with  bromine  water,  the  distillate  is  shaken 
(ether  and  the  ethereal  solution  is  evaporated,  a  residue  is 
I  which,  when  the  pancreatic  glands  of  several  oxen  have 
roloyed,  consists  of  some  drops  of  an  oily  liquid ;  these  possess 
pus  smell  of  phenol  and  exert  a  caustic  action  when  applied 
ikin.  When  dissolved  in  water,  the  solution  gives  with  ferric 
\  a  blue-violet  colouration,  and  with  ammonia  and  a  particle 
shing  powder  a  beautiful  blue  reaction.  Baumann  recognised 
p  phenol  thus  obtained  was  not  pure,  and  stated  that,  when 
iated  with  bromine,  the  tribromophenol  obtained  contained 
iin  the  theoretical  quantity  of  bromine. 

P  As    it   had   been    shewn   that    the    urine    of    the 

^    horse  contained  the  potassium  salt  of  parakresol-sul- 
t,,    phuric  acid  as  well  aa  that  of  phenol-sulphuric  acid,  it 
u-    appeared  likely  that,  in  the  process  of  putrefaction  of 
proteids,  parakresol    might   be  produced.     A  research 
by  E.  Baumann  and  L.  Brieger  proved  the  accuracy  of  the 
Subsequently,  working  under  Bauraaun's  direction,  Weyl 
in  obtaining  both  parakresol  and  phenol  by  the  putre- 
lecompositiou  of  tyrosine^ 

trieger,  'Ueber  die  fluchtigen  Bcstandtheilc  dor  meDsoUichcn  Kxoremente  * 
;»borftt.  von  Prof,  Neucki),  Brr.  d.  d.  chem.  OeselL,  VoL  x.  (1877).  p. 
I, 

kumann  and  L.  Brieger,  *  Ueber  die  Eotstehuxig  von  Exesolen  bei  der  FiiulixiM,' 
W  Chem.,  Vol.  ni.  (187»),  p.  149. 

'eyU  *  SpaltOBg  von  TjrrouD  dtirch  Fiinlniss/  Zeittch.  /,  pkys,  Chem.,  Vol.  iii. 
lU. 
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Pbyfllcal 
and  cUftmlcaJ 
etuLiaetan  of 
phenol   (g9X- 
\>oUo    add), 


Phenol,  when  pure,  crystallises  in  the  form  of  rfiombic 
needles;  it  melts  at  40' — 42' C,  and  boils  at  180- 
180*5°.  It  is  soluble  in  15  parts  of  water  at  lo" — 1"  C. 
It  is  easily  soluble  in  alcohol,  ether,  and  glycerin. 
In  aqueous  solution,  and  in  the  absence  of  aloofad 
phenol  exhibits  a  violet  reaction  when  treated  with  ferric  chloriile. 
It  also  exhibits  Millon's  reaction.  With  bromine  water  it  >'ield<  i 
milky  turbidity  or  a  crystalline  precipitate  having  the  compositioti 
C^H.jBrjOBr,  This  body  is  soluble  in  solution  of  sodium  hydrate?,  and 
the  solution  is  precipitated  on  the  addition  of  hydrocbloric  add. 
which  throws  down  tribromopbenol,  C,HjBr,OH.  This  compound 
has  a  melting-point  of  95' C.  It  contains  72*5  per  cent  of  Br 
When  boiled  with  Millon's  reagent,  an  intense  red  colouration  or  t 
red  precipitate  is  observed, 

Parakresol  is  much  less  soluble  in  water  than  phenol 
It  melts  at  36'  C.  and  boils  at  198°  C. 

Aqueous  solutions  of  parakresol  are  coloured  bine 
by  ferric  chloride.  With  bromine  it  yields  a  crystalline 
precipitate  which  presents  the  form  of  small  scales  and 
not  of  needles*.  When  this  precipitate  is  dissolved  in  alkaHes  aod 
precipitated  with  liydrochloric  acid,  the  body  is  found  to  be  tribromo- 
phenul.  It  would  appear,  according  to  Baumanu  and  Brieger,  llui 
under  the  influence  of  bromine,  parakresol,  like  phenol,  fields 
tribromo-phenol,  CO^  being  evolved,  as  shewn  in  the  following 
equation : 

C,H,<^^^  +  12Br+2H,0 

Parakresol. 

=  CeH,Br,QH  -h  CO,  +  9HBr  \ 

Tiibromophenol. 

identiflcation  In  order  to  separate  and  identify  phenol  and  para- 
of  phenol  and  kresol  these  bodies  must  be  converted  into  the  respective 
i**»*="*»^         sulphates 


Pbyiical 
and  chemical 
characters  of 
parakresol^ 


(cm. 


OH 
HSO, 


,CH, 

andCH.^OH 
HSO 


50y 


by  heating  on  the  warm  bath  for  an  hour  with  an  equal  volnrae 
of  strong  sulphuric  acid.  The  barium  salts  of  these  acids  can  be 
separated,  the  compound  of  parakrcsolsulphuric  acid  being  almoBt 
insoluble,  whilst  that  of  paraphenolsulphuric  acid  is  soluble'. 

>  Baumann  iind  Brieger,  B^r.  d,  d.  ckem.  GeielUch.  1879,  p.  804 :  Weyl,  Z^uelai/t 
JUr  phusiohg,  Chemie,  Vol.  in.  (1879),  p.  319. 

^  Iii.Baamaiin  und  L.  Brieiger,  'Ueber  dieEntotehtuig  vonKresolen  bei  derFsaUuH.' 
2eiUfh.f.phu».  Chftn,,  Vol.  m.  (1S79).  p.  149. 

'  For  further  det&ila  the  i:«ad«t  ia  referred  to  Baumann  and  Brieger's  papar  in  t^ 
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The  kresols  admit  also  of  being  ideDtified  by  fusion  with  caustic 
potash';  orthokresol  furnishes  under  these  circumstances  ortho- 
oxybenzoic  (salicylic)  acid,  whilst  pure  kresol  yields  para-oxybenzoic 
acid 


Bs2ia>Tloar  in 
th/B  •oonozay. 


The  phenol  and  parakresol  of  the  alimentary  canal 
are  converted  in  the  economy  into  ethereal  sulphates, 
yiz,  phenol  is  converted  into  phenol-sulphuric  acid,  and  parakresol 
into  kresol-sulphuric  acid,  whicli  are  excreted  as  potassium  salts  in 
the  urine. 

It  is  probable  that  these  conjugate  acids  take  their  origin  in  the 
liver.  The  amount  in  which  they  are  present  in  the  urine  appears  to 
afford  an  indication  of  the  intensity  of  the  processes  of  decomposition 
due  to  bacterial  action^  which  occur  in  the  alimentary  canal',  \ 


NON-OCCURKENCE  OF  PtOMAJNES*  AS   PRODUCTS  OF  NORMAL 

Intestinal  Decomposition. 

We  have  already  alluded  to  the  fact  that  the  processes  of  the 
small  intestine  which  are  due  to  the  bacteria]  decomposition  of 
proteids  differ  materially  from  those  of  ordinary  putrefaction,  and  no 
more  striking  proof  of  this  assertion  can  be  advanced  than  the  fact 
that  neither  JBrieger*  nor  Baumaun  and  Udransky*  were,  under 
normal  circiimstayices,  able  to  find  any  of  the  so-called  ptomaines  in 
the  intestinal  contents,  even  when  the  intestines  had  not  been 
opened  for  a  day  after  death.  That  the  intestinal  contents  contain, 
however,  bacteria  which  are  capable  of  producing  ptomaines  has  been 
proved  conclusively  by  the  production  of  these  bases  in  gelatin 
cultures  of  thu  intestinal  bact-eria. 

We  must  therefore  conclude  that  the  peculiarity  of  the  environ- 
ment must  be  the  cause  which  leads  to  a  result  so  essential  to  the 


ZtiUch, /.  phyi.  ChfmU,  Vol.  iil  p.  151,  to  a  paper  by  Enpelhardt  and  Latschinoff 
ia  Jahretb,  d.  get.  Chan.  iBtiS*.  p.  447,  and  to  Uoppe-fcieTler's  UandOuch.  tith  ed.  (1893), 
p.  158. 

1  Baamann  and  Brieger,  op.  cit.  p.  160. 

»  B^fer  to  pages  168  and  1*19. 

'  On  the  Bubjeot  of  the  ethereal  salphatee  the  reader  may  refer  to  the  following 
papers:  E.  Baumann,  PHilger'e  Archiv^  Vol.  xiii.  il87B),  p.  297;  E.  Baamann,  '  Ueber 
Oie  AiOtherschwefelsauren  der  Phenole/  ZtiUch.  f.  vhyt,  Chem,,  Vol.  2,  (1878 — 9), 
p.  385;  Arthur  Christiani  and  £.  Baamann,  '  Vehet  den  Ort  der  Bildung  der  Pbenol- 
•chwefeUaore  im  Thierknrper,*  ZeiUch.  /.  phy$.  Chein,^  Vol,  2,  (1878),  p.  350; 
E.  Baoznann,  *£He  aromatifloben  Verbindungea  im  Harn  xmd  die  Darmfaulniss/ 
Ztiuch./.  p}ty».  Chfm.,  Vol.  x.  (1886),  p.  123. 

*  By  the  term  ptomalntt  (from  wrbfutt  a  corpse,  carcase)  are  designated  nitrogenoaa 
bodies,  for  the  most  part  having  basic  characters  (of  which  many  are  intensely  poison* 
ous),  which  are  produ(>ed  as  a  rcKult  uf  llie  bacttiirial  di^cuinpusition  uf  dead  bodies, 
tnd  otherwise  when  proteids  putrefy.  These  bodies  will  be  treated  of  at  length  in 
another  Tolumc  of  this  work,  and  ore  only  incidentally  referred  to  here. 

*  Brieger,  Deuttscfie  med,  Wockemch,  1887,  p.  409. 

■  Baomann  und  Udranaky.  'Ucber  das  Vorkommen  von  Diamincn,  aogenannten 
Ptoiaainen  bei  Cystiuurie/  Zeiuch,  f.  phyaiol,  Chem,,  Vol.  xin.  (1B89),  p.  £86. 
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health  and  life  of  the  animal  as  must  be  the  noa-production  of 
ptomaines.  It  may  be  surmised  that  it  is  in  this  direction  that  the 
antiseptic  influence  of  the  bile  acids  makes  itself  felt,  though  il 
appears  possible  that  the  effect  is  due  to  the  fact  that  ptomaines  are 
essentially  the  products  of  aniHrobic  bacterial  processes,  whilst  it  is 
probable  that  (notwithstanding  the  usual  total  absence  of  oxygen  iu 
the  intestinal  tube)  a  free  diffusion  of  this  gas  is  constantly  gomg  oo 
between  the  blood  of  the  mucous  membrane  and  the  intestinil 
couteuts  which  cover  its  surface. 

DUcorezy  of  Under    very    exceptional    circumstances,   however, 

Oadaverla  and    bases  which  belong  to  the  class  of  diamines  have  beea 
Pntreadii     to    fotmd  in  the  intestinal  contents. 

Thus  Baumaun    and  Udrausky'  have  found  ihax 
tetra-methylendiamin  or  putrescin,  NH,— (Ctf^)4-NH,, 
and  peuta-metliyleudiamin  or  cadaverin,  NH,  — (CH,)^ 
—  NH,,  regularly  occur  as  products  of  intestinal  de- 
composition in  cases  where  cystin  appears  iu  the  urine.     The  sam.«3 
diamines  occur,  according  to  Brieger*,  not  only  in  cholera  stools,  ho.^ 
in  cultures  of  the  cholera  spirillum.     The  two  diamines  to  which  vre 
have  referred  ai'e  destitute  of  poisonous  properties,  and  their  present^^ 
merely  indicates  the  occurrence  of  abnormal  processes  of  decompoii- 
tion ;  they  appear  to  be  accompanied,  in  the  case  of  cholera  cultar&s. 
by  a  \ery  poisonous  derivative  of  guanidin,  the   so-called  methyl - 
guanidin,  CH^Nj.CHj,  which  is  also  a  product  of  the  putrefactiou  of' 
muscle^,*  and  by  certain  specific  ptomaines,  which  possess  the  power 
of  lowering  the  animal  temperature. 


tlia  intaituiA 
in  djitlanrla, 
ehoi«nuiddy- 

Bflntery.  perni- 
cious an»BTnlfl 
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Sect.  2.    The  Decomposition  of  the  CARBO-HyDRATEs  Uf 
Small  Intestine  under  the  influence  of  Bacterial  Acnox. 


Although  we  have,  in  the  last  section,  described  at  length  tb^ 
various  products  which  can  arise  from  the  bacterial  decomposition  ot 
the  albuminous  and  albuminoid  bodies,  we  have  stated  that  in  the 
small  intescine  such  processes  play  a  very  insignificant  part.     With 
the    bodies   which    belong   to  the  group  of  the   carbohydrates  tbe 
matter  is  very  different,  for  the  small  intestine  is,  throughout,  tbe 
seat   of  processes  of  fermentation  which  decompose  a  part  of  the 
sugars  M'hich  arise  under  the  influence  of  the  digestive  enzymes,  intd 
simpler  products.      The  chief  of  these  are  alcohol,  lactic,  acetic,  and 
succinic  acids,  and,  in  certain  cases,  carbon  dioxide  and  hydrogen. 

^  Baumaon  and  Udransky,  '  Ueber  das  Vorkommon  von  Diaminen,  8og«naonM 
X'tomaluen  bei  Cystmurie,'  ZeiUcU.  /.  phytiol.  Ciurn.,  Vol.  xni.  (1689),  P.  M9^  »^ 
Vol.  XV.  1891,  p.  77. 

'  Brieger,  Virchow's  Arehiv,  Vol.  ciT.  p.  480. 


•  Brieger,  *  Ueber  Ptomaine,'  Dritter  Thoil,  Beriin,  18ft6.  p.  83. 

*  0.  Bocklish, '  Ueber  Ptomaine  nun  Iteiuoulturen  von  Yibno 


tAa/K  GtulUch.,  Vol.  xx.  p.  1441, 


proteufl, '  Ber,  d.  linUt^- 


Sui 


Dwif^ftlion 


L    Baoterium  Biaohleri 


II.  Btreptocuocuui  liqno* 
faoicns  iloi  vol  aoidi 
Iftotici 


III.   Bacterium  il«i{FrejF) 


17.    BacilluH  liqnefaoiociR 


'  V.    Btictunuzii  ovale  ilei 


VI.    Bacillns  gracilis  ilci 


VII.  Bacterium  lactis  aero- 
genes  (Eeoherich)? 


IKstinpiiaiung  Horpbologiinl  ChatI 


S^Euite 


Short  fods  varying  in  length.    On  an 
3/<  broad.       Usually  oonpled.     Do  no 
movement.    Formation  of  spores  not  obff 
fi.  ooli  com. 


it  pr 


'Whoii 

kaifdi 


of 

bOtt  BSf  tin 

B.  ooli  eon^ 
msefientai 
k  leid  (I 


Small  thin  coed,  arranged  in  cbainn  ofE^,^ 
KutkdiJy  Btaiued  by  usual  anilin  uoluur». 
thuy  fonn  small,   roand,  yellow   colonics 
narrow  zone  of  liquefied  gelatin.    In  'be 
after  24  hours,  a  toxbidity  occura.    After 
streptococci 


Short  rodfi  with  rounded  ends,  2 — 8  ^  lo 
often  coupled.      Mobility   sUght.      Form 
extremities.     Easily  coloiuvd  by  methyli 
solution.     Cultivated  on  gelatin,  they  tip 
and  have  a  grey  aolonr.    Orow  rapidly  m 


o[3| 


Fine,  thin  rods,  *J'0 — *2-8 /i  long  and  0*4 
aixores,  grow  rapidly  and  are  mobile.   Colo 
On  gelatin  plates  at  ordinary  temperaturcE 
deHnt'd   colonies   which    hquefy  gelatin. 
'booilloD.*     After  24  hours,  liquid  is  torbi 
a  thin  bacterial  scum  on  the  surface.     Oi 
putrefaction 


Almost  circular  and  short  (coccus -like) 
on  gelatin  platex,  round  or  oval  colonies  o: 
Grow  rapidly  iu  'boniUon,'  without  pntrefa 


Fine,  thin  rods,   about  5  times  as  Ion 
mobile,  usaaUy  coupled.     Formation  of  sp 
On  gelatin  ptatea,  wbitish-yclloWf  round 
borders.     Grow  well  in  'bouillon'  at  38°  C. 


Bhort  rods  vritb  rounded  ends.    Sin^l 
often  aggregated  in  masses.    On  gelatin  pi 
which,  on  the  surface,  appear  white  and  ubi 
layers,  yellowish-white,  round,   points, 
'boaillon.' 


'  Macfadyen,  Nenoki  u.  Sieber,  '  UotereucbuDf 
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^  shall  have  occasion  to  point  out  in  the  next  chapter,  when 
rifc  g  the  processes  which  have  their  seat  in  the  small  intestine 
»1  ^,  so  great  is  the  quantity  of  organic  acids  formed  by  the 
^i  ferments  of  the  small  intestine  that  in  spite  of  the  sodium 
^^  which  the  mucous  membrane  is,  doubtless,  perpetually 
r  during  digestion,  the  contents  of  the  small  intestine  from 
't'O  Cfficum  are,  in  opposition  to  the  hackneyed  teaching  of 
^i^ls,  always  acid. 

^^^'^^  researches  have,  of  recent  years,  been  conducted  on  the 
^  **^^unisms  of  the  small  intestine  and  on  the  fermentations  to 
■"^■■^^^y  give  rise,  and  of  these  the  most  important  is  that  con- 
^  *^3  Nencki,  Macfadyeu  and  Sieber,  the  mean  results  of  which 
'^^in  summarised  by  the  Author  in  the  accompanying  table,  to 
'  "^^Vke  reader  is  referred.  It  will  be  seen  that  these  investigators 
^^^^>A€  to  identify  seven  individual  micro-organisms  which  give 
^^  fermentations  in  the  small  intestines.  Of  these  only  two 
^^^F^  any  action  on  the  albuminous  substances  (Streptococcm 
fy^~*<yietis  ilei  and  Bacillus  liquefacieiis  ilei).  With  the  exception 
^^  last-named,  all  the  six  others  exert  a  powerful  action  on 
I  ^^^e.  Five  of  the  seven  decompose  dextrose  with  the  production 
1  ^^^^"hol,  often  in  lai'ge  quantities;  six  of  the  seven  produce  lactic 
F*  Amongst  them,  tlie  most  active  is  the  Streptococcus  Uquefadens 
tJ^^liich  wnen  aclmg  on  a  solution  of  dextrose,  converts  nearly  the 
i^^  of  the  sugar  into  inactive  lactic  acid  (ordinary  lactic  acid  of 
^^^Utation,  optically  inactive  ethylidene-lactic  acid*). 

i^he  conversion  of  dextrose  into  lactic  acid  under  the  influence  of 
^^^^nts  is  a  process  of  simple  decomposition  which  is  identical  with 
^^  which  occurs  when  it  is  heated  with  caustic  alkalies,  and  it 
^^  be  represented  by  the  following  equation: 


C,H„0,  =  2  (CH,  -  CH .  OH  -  COOH). 


^^   ot 

^^*rhe  conversion  of  dextrose  into  alcohol,  if  we  leave  out  of 
*>isideration  the  very  numerous  by-products  which  are  formed  iv 
^«  prbceas  and  confine  our  attention  merely  to  the  two  principai 
^^'oducts  formed  (alcohol  and  COJ,  may  be  represented  by  the 
'Allowing  equation : 


h 


C.HaO.  =  2  (C.H. .  OH)  +  2C0.. 


_  'Although  Nencki's  researches  do  not  give  any  facts  bearing  on 
lie  question,  it  is  probable  enough  that  the  butyric  acid  fermentation 
Occurs  in  the  intestine.  Under  the  influence  of  certain  of  the 
ferments,  particularly  of  the  Bacterium  ilei  (Frey),  the  products 
^f  fermentation  separated  were  succinic  acid,  sarcolactic  acid  and 
alcohol,  large  quantities  of  a  mixture  of  CO,  and  H  being  evolved. 

1  See  Vol.  I.  (iBt  edit.),  p.  362. 
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The  formation  of  butyric  acid  from  dextrose  is  represent^  by  tb 
equation                                                                                               J 

C,H,  A  =  C,H,0.  +  2C0,  +  2H,.                 ^M 

But  but^Tic  acid  may  also  be  developed  by  the  action  of  fenwnts 
on  lactic  acid,  thus : 

2  (C,H,0,)  =  CH^O,  +  2C0,  +  2H,.                     J 

Sect.  3.    The  Decomposition  of  the  Fats  in  the  Smau  Is- 
testine.  under  the  influence  of  bacterial  action. 

Whilst  there  can  be  no  doubt  that  under  the  influence  of  putre- 
factive organisms  fata  may  become  raucid,  i.e.  be  decomposed  into 
fatty  acids  and  glycerin,  there  does  not  appear  evidence  to  support 
the  view  that  such  a  process  occurs,  or  at  least  attains  a  perceptible 
figure,  in  the  small  intestine'.    Lecithin  is  said  to  be  decomposet 
into  glycerin -phosphoric  acid  and  choline,  the  latter  substance  being 
further  decomposed  into  carbonic  acid,  marsh  gas  and  ammonia^ 

Sect.  4.    The  Gases  of  the  Sjiall  Intestine. 

The  small  intestines  are  always  more   or   less  distended  wiib 
Biases,  which  are  composed  of  carbon  dioxide,  hydrogen,  and  nitrogen 
marsh  gas  being  absent.     The  follo>ving  are  the  results  of  the  gases 
of  the  small  intestine  of  the  dog  made  by  Planer*. 

■ 

I. 

On  a  meat  diet 

n. 

Oa  a  bread  diet 

m. 

On  a  legonmou 
diet 

CO,  in  100  volumes 
H 

401 

13-9 

0-5 

45-5 

38-8 
6-3 
0-7 

64-2 

47 '3 
48-7 

0 

4-0 

0  

N 

K.  B.  Kofmann  also  analysed  the  gases  of  the  small  intestine  ol 
;he  dog  and  rabbit,  and  found  them  to  be  composed  of  a  mixtiueol 
DOj,  H  and  N,  neither  0  nor  CH*  being  present*. 

»  Mafifadyen.  Nendd  u.  Sieber,  op.  cit.,  p.  B47. 
a  Haaebroek,  Zfitsch.  f.  phytwl,  Chemie,  Vol.  xil    1&88),  p.  148. 
3  Planer,  SiUungsber.  d.  Wien,  Akad.  d.  Wiitt.,  Vo  .  xui.  (quoted  at  aeoondbAod). 
*  K,  B,   Hofraann,  'Ucber  die  ZuBammeDsetzung  der  Darmglase.*  Wiaur  ■<•• 
rochetuchri/t,  1873.  No.  U ;  ^V^n  JohrttUricM,  VqI  u.  (1874),  p.  226. 
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CHAPTER  XL 

A  BRIEF  SUR\^Y  OF  THE  PROCESSES  OCCURRING  IN 
THE  SALA^LL  INTESTINE,  IN  RELATION  ONE  TO 
THE  OTHER,  THE  DESTRUCTION  OF  THE  DICES- 
TIVE  ENZYMES. 


I  Having  considered,  in  detail,  the  action  of  the  various  secretions 
which  are  poured  into  the  alimentary  canai^  ou  the  various  consti- 
tuents which  the  chyme  contains  on  leaving  the  stomach,  we  must 
now  attempt  very  briefly  to  combine  the  various  facts  and  to  supple- 
tnent  them  by  reference  to  some,  the  consideration  of  which  it 
appeared  desirable  to  postpone. 


Newly-diacovered  facts  tending  to  prove  that  none  of  the  water  ingested 
is  absorbed  by  the  stomach,  bid  passes  into  the  intestine. 

Although  the  subject  of  absorption  will  not  be  minutely  discussed 
in  this  place,  it  is  necessary  to  refer  to  researches  published  since  the 
first  chapters  of  the  present  volume  were  printed,  which,  in  opposition 
to  the  statement  made  at  page  154,  prove  that  the  stomach  absorbs 
no  water,  so  that  the  whole  of  the  water  of  the  food  passes  during 
the  digestive  process  into  the  intestine.  The  matter  has  so  important 
a  bearing  on  the  whole  conception  of  intestinal  digestion  as  to  warrant 
the  attention  of  the  reader  being  drawn  to  it  in  the  present  place. 

Tapp«iii«rs  Tappeiner*,  as  a  result  of  experiments  on  dogs  and 

'^■•*"*""*  cats  in  which  he  had  ligatured  the  pylorus  before  in- 
jecting into  the  stomach  solutions  of  various  alimentary  and  poisonous 
substances,  came  to  the  conclusion  that  the  stomach  absorbs  only 
very  small  quantities  of  bodies  which  are  introduced  into  it  iu  aqueous 
solution,  whilst,  on  the  other  hand,  it  appears  readily  to  absorb  dilute 
alcohol  and  substances  dissolved  iu  alcohol.  Thus  the  quantities  of 
peptone,  glucose  and  sodium  sulphate  absorbed  from  aqueous  solu- 
tions were  so  small  as  to  fall  withiu  the  limits  of  experimental  error 
When  a  dose  of  an  aqueous  solution  of  alcohol,  sufficient  to  induce 

^  H.  Tappeiner,  'Ueber  Besorpcioo  im  Uagen/  ZeiUeh.  /.  BioLt  Vol.  xn.  (1881), 
pp.  497—507. 
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deep  sleep  in  the  course  of  10  minutes  (when  adir-L-iotered  to  a  do^ 
with  unligatured  pylorus),  was  administered  U  one  in  which  it  h 
been  ligatured,  scarcely  any  physiological  action  ensiied. 

Again,  when  sulphate  of  strychnia  was  injected  into  the  stomacll 
of  cats  with  ligatured  pylorus,  death  from  strychnia  poisoning  ensue^ 
in  a  period  varying  between  one  and  a  half  and  three  hours  &hsri 
wards,  whilst  with  unligatured  pylorus  death  occurred  from  the  sanx) 
dose  in  8  minutes.     If,  however,  strychnine  were  dissolved  in  dilutfl 
alcohol  (004  grm.  of  strychnine  dissolved  in  5  c.c.  of  90  p.c  alcohol 
and  15  c.c.  of  water)  and  were  injected  into  the  stomach  of  a  cat 
with   ligatured  pylorus,  death  occurred  in  ten  minutes,  i^.  in  the 
same  time  as  when  the  same  dose  was  administered  to  an  animal  in 
the  normal  condition.     The  conclusion  to  which  Tappeiner  arrived) 
was  that  the  absorptive  power  of  the  stomach  ia  greatly  inferior  to 
that  of  the  intestine  in  so  far  as  substances  dissolved  in  water  aw 
concerned,  but  that  it  possesses  the  power  of  absorbing  dilute  alcohol 
as  well  as  substances  dissolved  in  it. 

Th*  inverti-  Anrep*  in  Ludwig's  laboratory,  repeated  Tappeiner'i 

jauon  of  experiments  on  dogs  with  gastric  fistula:^  but  came  to 

Anrep  and  ^j^^,  conclusion  that  both  sucfar  and  proteids  are  absorbed 

M0&d6  STTiHh.       II  1      -  -111  tt     i 

by  the  stomach    in   considerable   quantities.      Meailfi 

Smith''  introduced  solutions  of  sugar  as  well  as  of  proteids  into  the 
stomach  of  frogs  in  which  he  had  some  time  before  ligatured  the 
pylorus.  The  quantity  of  sugar  absorbed  varied  with  the  concentra- 
tion of  the  solution.  Meade  Smith,  however,  found  that  the  quaDtity 
of  liquid  present  in  the  stomach  at  the  conclusion  of  the  experimcDt 
waa  greater  than  that  which  he  had  introduced.  So  far  as  one  can 
draw  coDclnaiona  from  experiments  in  which  the  normal  mechanisffl 
is  so  materially  disturbed,  the  absorption  of  water  from  the  stomach 
appeared  to  be  very  doubtful*. 

The  expert-  Tbe  experiments  which  have  been  passed  under 

j^^w  review,  with  the  exception  of  those  of  Meade  Smith, 

concerned  directly  only  the  absorption  of  substances 
dissolved  in  water  or  in  alcohol  and  gave  no  direct  answer  to  th.e 
question  does  the  stomach  absorb  the  water  introduced  into  it,  or 
does  the  latter  entirely  pass  into  the  duodenum  ?  In  the  year  1892 
J.  S.  Edkina  published  the  results  of  a  research  which  led  him  to  the 
conclusion  that,  whether  the  stomach  hati  been  digesting  or  not,  "the 
absorption  (of  water)  was  practically  nothing*."  h 

1  B.  V.  Anrep,  'Pie  Auf«ai]gmiR  im  M&gen  dee  Hondee*  (aae  d.  pbya.  AnstAlt  ^^ 
Leipzig),  Du  Bols  Boymond's  Archiv,  Phys.  Abth.,  1B81,  p.  504  et  teq. 

'  K.  Meade  Bmith,  'Die  Besorption'des  Zackers  imd  des  Eiweisse*  im  Magen'  t^' 
d.  pbyB.  Anutalt  zu  Leipzig],  Dn  BoIb  Beymond's  Jrehiv^  Phytt,  Abth,,  1864,  p^ 
481—196. 

■  Seo  also  M.  Sega]l,  'Ternuolie  fiber  die  Besorption  Acs  Zvieken  im  Magen,'  Iw»f' 
Diu.  Munchen.  1888.  Abstracted  in  Cmtralbl.  f.  rf.  nud.  Wiuensch.,  1889.  p.  ^l"*' 
and  Mftly'H  Jahretberichl,  1889,  p.  281. 

«  J.  T.  EdkJDs,  M.A.,  M3.,  'Tbe  Absorption  of  Water  in  the  Alimentary  Cv>»l 
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AS  we   shall   shew  in   the  sequel,  the   conchision  to 
itis    arrived   was    correct,   the    method    of   experiment 


V^^ough, 

.^?^       EdtiD .     „_      , 

^,^^^^  was  of  such  a  nature  as  to  inspire  great  and  reasonable 
._  ^^ta  as  to  whether  it  was  applicable  to  animals  in  the  physio- 
'^al  condition.    Having  injected  into  a  cat  25  minims  of  a  solution 
^^orphia  and   atropine  containing  half  a  grain  (0032  grms.)  of 
^^rochlorate  of  morpliia  and  one-thirteenth  of  a  grain  of  sulphate 
atropia  (0'0084  grm.),  and  having  placed  the  animal  under  chloro- 
'*Txi,  Edkins  ligatured  tightly  the  cardiac  end  of  the  stomach  and 
en  tied  a  cannula, communicating  with  a  reservoir,  into  the  pylonis, 
,^*nplo3ring  a  normal  saline  solution,  he  found,  as  stated  above,  that 
*tie  absorption  of  water  was  virtually  nil.     To  these  experiments, 
^xiite  apart  from  the  violence  of  the  treatment  which  the  stomach 
Necessarily  suffered,  the  strongest  objection  which  can  bo  urged  is 
Afforded  by  the  fact  that  they  were  performed  on  animals  to  which, 
^s  addition  to  morphia,  a  very  large  dose  of  atropia  had  been  admini- 
stered.    The  disturbing  indueuce  of  this  drug  is  such  that,  in  the 
opinion  of  the  Author,  the  result  obtained  would  in  no  respect  warrant 
^ur  admittmg  the  accuracy  of  Edkins'a  conclusion,  were  it  not  for  the 
fact  that  a  beautiful  research  of  v.  Mering's  has  now  established  it 
"beyond  the  possibility  of  doubt, 

▼.  Mering*!  In  cases  of  marked  dilatation  of  the  stomach  depend- 

rwearches  .  jjjg  upQj,  pyloric  stenosis,  the  patient  usually  suffers 
from  thirst,  passes  little  urine,  is  constipated,  and  has  a  dry  skin, 
phenomena  which  have  been  explained  on  the  hypothesis  that  fluid 
is  absorbed  with  difhculty  by  a  dilated  stomach  and,  besides,  that 
little  can  pass  out  of  the  stomach  into  the  intestine  when  the  pylorus 
is  contracted.  The  stomach  of  such  patients,  unless  the  contents  are 
artificially  evacuated,  usually  contains  large  quantities  of  liquid.  If  iu 
such  a  case  the  stomach  be  emptied — fur  example  in  the  evening — 
and  food,  consLsting,  e.g*  of  a  thick  soup,  be  introduced  iuto  it,  the 
following  morning  the  stomach  is  still  found  to  contain  liquid;  often 
indeed  more,  and  of  a  lower  specific  gravity,  than  that  which  had 
been  introduced  the  previous  evening*. 

Reasoning  on  these  clinical  facts,  v.  Mering,  who  appears  to  have 
been  entirely  ignorant  of  Edkins  a  research,  engaged  in  the  experiments 
now  to  be  referred  to.  In  the  first  instance,  in  the  case  of  large  dogs, 
he  cut  across  the  duodenum,  from  five  to  ten  centimetres  below  the 
pylorus,  and  sewing  each  end  into  the  skin  he  obtained  two  fistulous 
apertures,  the  upper  leadiug  to  the  pylorus  and  the  lower  into  the 
duodenum.     When  the  animal  had  recovered  from  the  effects  of  the 

(from  the  Physiological  Laboratory  of  the  Owens  CoUege),  J(mrnal  of  Phytiology,  Vol. 
xm.  (1892),  pp.  445—459.     S*;e  pp.  454—459. 

1  ProfesAor  Dr  J.  t.  Merlnik:  (HaH^).  *Uebcr  die  Function  dcs  Magons'  (Unter 
MitwirkoDg  von  Dr  Aldehafl  uud  Dr  Happel)*  Separata bdruck  ans  den  *V6rhand- 
laogeo  des  xn.  Congress  fUr  innere  Medicin  zu  Wieabtden  1893/  Wiesbaden.  Verlag 
von  J.  P.  Bergmann,  1893. 

•  J,  v.  Mering,  op.  cit.  p.  4. 
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narcosis  and  the  operation,  water  was  given  to  it.  As  it  drank,  water 
flowed  out  of  the  stomach,  but  always  rhythmically  and  in  distioct 
gushes.  On  introducing  the  finger,  it  was  easy  to  feel  that  the 
pylorus  opened  and  closed  at  short  intervals.  Each  minute,  the 
pylorus  opened  from  two  to  six  times,  and  each  time  expelled  several 
cubic  centimetres  (2 — 15)  of  water.  The  outflow  occurred  under 
considerable  pressure  and  lasted  some  seconds :  then  came  a  long 
pause  which  waa  followed  by  another  gush  of  water,  and  so  on.  By 
this  experiment  the  remarkable  fact  was  established  that  (within  « 
few  cc,  more  or  less)  the  whole  quantity  of  water  introduced  into 
the  empty  stomach  flowed  out  of  it.  In  accordance  with  the  abore 
statement,  it  was  found  that  an  animal  upon  which  such  an  operation 
had  been  performed  could  not  quench  ite  thirst  by  drinking ;  on  the 
contrary,  the  more  it  drank  the  more  thii*8ty  it  appeared  to  be.  This 
fact  is  explicable  by  supposing  that,  in  consequence  of  a  small  amount 
of  secretion  occurring,  the  stomach  actually  lost  water. 

By  injecting  300  to  500  c.c.  of  warm  milk  three  times  daily  into 
the  duodenal  fistula,  the  animal  could  be  fed  and,  for  a  few  days, 
appeared  to  enjoy  perfectly  good  health.  After  a  period,  varying 
between  three  and  eight  days,  there  supervened,  however,  a  remark- 
able association  of  symptoms : — twitchings  of  the  extremities  and  of 
the  facial  muscles,  the  limbs  became  rigid,  the  teeth  chattered,  the 
pupils  often  became  dilated,  and  paralytic  or  paretic  symptoms,  with 
constantly  heightened  tendon  reflexes,  made  ttieir  appearance;  these 
were  soon  followed  by  somnolence,  deep  respirations  and,  ultimately, 
by  deatL  This  association  of  symptoms  corresponds,  v.  Mering  re- 
marks, with  those  of  the  condition  which  Kussmaul  described  s 
quarter  of  a  ceulury  ago  under  the  name  of  gastric  tetany  ('  Magen- 
tetanie ')  and  which  has  since  been  frequently  observed  and  described 
by  Gerhardt,  F.  Miiller,  and  others. 

As  all  the  animals  which  had  been  subjected  to  the  operative 
procedure  above  referred  to,  died  in  the  way  described,  v.  Mering 
next  established  a  duodenal  fistula,  in  close  proximity  to  the  pylorus. 
Having  made  a  suitable  incision  into  the  abdominal  wall  ana  drawn 
out  the  stomach  and  duadeuuni,  he  fixed  the  duodenum  at  the  spofc 
selected  (5 — 8  cm.  below  the  pylorus)  to  the  wound  in  the  abdominal 
wall.  With  this  object^  6 — h  sutures  were  introduced  which  passed 
through  the  serous  and  muscular  coats  of  the  intestine  on  the  one 
hand,  and  through  the  parietal  layer  of  the  peritoneum  on  the  other. 
After  three  or  four  days,  the  wall  of  the  intestine  enclosed  betweau 
the  sutures  was  incised  down  to  the  mucous  membrane,  iresh  stitches 
being  introduced  through  the  serous  and  muscular  coats.  One  or 
two  days  afterwards,  the  mucous  menibraue  was  incised  and  the 
communication  with  the  interior  of  the  gut  established.  During 
each  experiment,  the  passage  downwards  into  the  small  intestine 
was  closed  by  means  of  a  small  caoutchouc  bag  distended  with  water. 
In  this  second  set  of  researches  the  results  obtained  by  the  first  were 
cofliirmed  and  extended.     In  one  case,  500  c.c.  of  water 
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miDistered  to  a  large  dog,  400  c.c.  were  expelled  in  the  succeediug 
SO  minutes;  in  another,  25  minutes  after  the  administration  of  500  c.c. 
495  c.c.  were  expelled. 

Experiments  further  proved  that  a  state  of  repletion  of  the  small 
intestine  reflexly  slmvs  Uie  evacuation  of  the  eioinach,  and  that  psychical 
excitement  also  inhibits  its  evacuation. 

By  further  observations,  v.  Mering  shewed  that  when  water 
holding  CO,  in  solution  is  introduced  into  the  stomach  the  gas  is 
abundantly  absorbed.  Alcohol  he  found  to  be  abundantly  absorbed. 
Grape-sugar,  milch-sugar,  cane-sugar,  and  maltose,  when  in  solution 
in  water,  are  all  absoroed  by  the  stomach  in  considerable  quantities, 
and  in  larger  quantities  when  in  alcoholic  solution.  Dextrin  and 
peptone  are  abs<:trbed  by  the  stomach,  but  in  smaller  quantities  than 
the  sugars.  The  quantity  of  the  bodies  absorbed  increases  with  the 
concentration  of  the  solutiotis.  Pari  passu  with  the  process  of 
absorption  of  the  bodies  above  named,  there  occurs  an  excretion  of 
water  by  the  stomach  which  is  active  in  proportion  to  the  amount  of 
substance  absorbed. 


I 


Recapitulation  of  the  Chemical  Processes  occurring  in  the  Small 

Intestine. 


We  have  seen  that,  at  rhythmically  recurring  intervals,  during 
the  process  of  gastric  digestion,  the  Buid  part  of  the  contents  of  the 
stomach  is,  little  by  little,  expelled  into  the  duodenum.  Ultimatelv 
(see  p.  159)  the  more  or  less  diffluent  'chyme!  containing  both 
soluble  constituents  which  had  escaped  absorption  in  the  stomach 
and  insoluble  constituents  not  yet  acted  upon,  is  forced  through  the 
pylorus.  Coming  into  contact  with  the  bile  and  the  pancreatic  juice, 
peptic  digestion  comes  to  an  end  and  digestion  by  trypsin  commences. 
The  proteids  which  had  escaped  the  action  of  the  gastric  juice  now 
succumb  to  the  action  of  trypsin.  The  digestion  of  the  starches, 
which  had  been  arrested  in  the  stomach,  recommeuces  under  the 
influence  of  the  diastatic  ferment  of  the  pancreas,  and  the  maltose 
thus  formed  has  to  be  resolved  into  simpler  saccharine  molecules  by  a 
ferment-product  of  the  intestinal  wail ;  these  molecules  must  yet,  in 
part,8till  further  be  resolved  under  the  influence  of  lactic  acid  producing 
micro-organisms  which  they  encounter.  TLe  fats,  under  the  influence 
of  the  bile  aided  by  the  pancreatic  juice,  are  rapidly  emulsified.  As 
these  various  ojjerations  go  on,  the  contents  of  the  intestine  undergo 
a  great  and  rapid  diminution,  owing  to  the  absorption  of  water,  holding 
the  diffusible  products  of  digestion  in  solution,  and  to  the  passage  of 
the  minutely-subdivided  fats  through  the  intestinal  walls. 

Thedeatruc-  As  the  acid  chyme  penetrates  into  the  duodenum 

uon  of  pepsin,  j^^  undergoes  at  once  a  change  of  reaction  due  to  ad- 
mixture with  the  pancreatic  juice,  the  bile  and  the  intestinal  juice. 
Its  reaction  becomes  alkaline  or  at  least  ceases  to  be  distinctly  acid. 
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This  neutralisation  of  free  acids  would  of  itself  bring  peptic  digeatioD 
to  a  standstill,  even  in  the  absence  of  other  factors. 

We  have  already  pointed  out  (see  page  352)  that  one  principal 
result  of  the  admixture  of  the  acid  chyme  with  the  bile  is  the  pre- 
cipitation of  the  pepsin  of  the  gastric  juice,  the  digestive  activity  of 
which  is  ipso /ado  abolished  (Pappenheim,  Briicke).  It  appears  that, 
once  rendered  inactive  by  admixture  with  bile,  pepsin  cannot  regain 
its  activity.  The  fact  that  digestion  may  in  the  stomach  go  on  in  the 
presence  of  some  bile  is  in  no  sense  in  contradictiou  with  the  state- 
ment as  to  what  must  take  place  in  the  intestine.  In  the  stomacb  a 
continual  secretion  of  pepsin  can  occur,  to  replace  that  which  his 
been  rendered  inactive,  e.g.  by  the  bile  which  may  have  penetrai 
into  the  stomach. 

But,  in  addition  to  its  more  or  less  complete  precipitation  by 
bile,  the  pepsin  which  has  entered  the  duodenum  finds  itself  sub- 
jected to  the  action  of  the  NajCOa  of  the  pancreatic  juice.  Aa 
Kuhne*  first  pointed  out,  and  as  Langley*  subsequently  confinned, 
pepsin  is  destroyed  by  digestion  with  weak  alkaline  solutions.  The 
latter  observer  shewed  that  solutions  of  sodium  carbonate,  at  the 
temperature  of  the  mammalian  body,  exerted  a  powerfully  destruc- 
tive influence  on  pepsin. 

It  is  impos-sible  to  estimate  exactly  the  relative  part  played  by 
the  bile  on  the  one  hand,  and  the  sodium  carbonate  on  the  other,  in 
putting  the  pepsin  hors  de  combat,  but  we  may  surmise  that  it  is 
upon  the  bile  that  the  burden  of  the  work  chiefly  falla  Whilst  the 
action  which  it  exerts  on  the  mixture  of  pepsin,  albumoses  and  free 
acid  is  a  well-Digh  instantaneous  one,  that  of  the  sodium  carbonate 
is  a  gradual  one,  time  being  one  of  the  important  elements  influencing 
the  result. 

The  paramount  importance  of  this  destruction  of  pepsin  is  appareat 
when  we  reflect  that  pepsin,  in  the  presence  of  free  acids,  ex 
rapid  destructive  influence  on  trypsin. 


Corvisart"  had  stated  that  pepsin  and  trypsin  exert  a  mutually  de- 
structive influence  on  one  another.  Kiihne,  whilst  emphasising  strongly 
the  power  of  pepam  in  acid  solution  to  destroy  trypsin,  spoke  of  the 
indestructibility  of  pepsin  by  pancreatic  digestion*.      Langley',  however, 

^  W.  Eahne,  'Ueber  das  Verhalten  verschiedener  organisirter  nnd  Rog.  nngeformter 
Fermento.'  Separat  Abdmok  axis  den  VerhamUungen  da  Heidelberg,  naturhut.  med. 
Verein*.     Sitzang  am  4.  Teb.  187G. 

'  J.  N.  Langley, '  On  the  Destruction  of  Ferments  in  the  Alimentary  Canal/  Jmtil 
of  Phytiohgy,  Vol.  in.  (1880—82),  pp.  246—268. 

^  L.  Corvisart,  'Mais  c'est  une  chooe  remarqoablo  qao  bi  les  dcnx  ferments  digestifs 
&e  reoconttent  ^  T^tat  pur,  les  deux  digestions  oessent  de  s'exereer  aussi  Ubrement; 
loin  qae  le  prodult  dig^r^  aoit  double  par  cette  r^nnion.  aa  oontrairc  il  pent  se  r4diiin 
4  rien,  car  dans  oetto  ciroonstance  non  physiologique,  la  pepaine  et  la  panorfiatim 
s'entre-d^tniisent.'  Sur  une  fonction  peu  conntu  du  Pancreas  de.  Paris,  Victor 
Masson,  1857—58.    Sec  p.  116. 

'  W.  EiUine.  'Die  Uazerstorbarkeit  des  Pepsins  bei  del  pankreatiaohen  Verdam 
op.  CI  I., 


il.,  p.  5. 
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found  that  pepsin  was  more  rapidly  destroyed  by  a  Bolntion  of  sodium 
carbonate  containing  trypsin  than  in  one  {i*ee  from  it,  and  discovered  that 
pepsinogen  also  appeared  to  be  destroyed  in  tbe  same  manner. 

Were  it  not  for  the  arrest  of  peptic  proteolysis,  the  intestiual 
digestion  by  the  pancreatic  trypsin  would  be  impossible.  With  the 
admixture,  then,  of  the  acid  chyme  with  the  bile  and  with  the 
pancreatic  juice,  the  first  act  in  the  great  process  of  digestion  may  be 
said  to  come  to  an  end. 

We  have  devoted  bo  much  space  to  a  consideration  of  the  action 
exerted  both  by  the  bile  and  the  pancreatic  juice  on  the  vanous 
groups  of  food  constituents  that  it  is  only  necessary  in  tliis  place  to 
emphasize  certain  facts  as  of  special  importance,  and  to  supplement 
ibem  by  referring  to  others  which  have  inadvertently  been  omitted. 

Digestion  by  tr^^in  as  it  proceeds  in  the  intestine  resembles 
an  aseptic  pancreatic  digestion  as  conducted  in  vitro,  with  the  aid 
of  auch  agents  as  thymol  and  salicylic  acid,  rather  than  one  occur- 
ring in  the  presence  of  putrefactive  bacteria.  We  have  seen  that  the 
contents  of  the  small  intestine  are  destitute  of  putrefactive  odour, 
that  they  are  normally  destitute  of  the  micro-organisms  which  load 
to  the  production  of  indol,  skatol^ skatol-carbonic  acid  and  phenols,  &c. 
[The  interesting  question  remains,  however,  how  far,  in  the  physio- 
logical condition,  does  the  decomposition  of  the  albuminous  molecule 
proceed  under  the  influence  of  trj'psiu  ?  We  liave  seen  that,  in  vitro, 
the  albuminous  bodies  rapidly  split  up  into  albunioses  and  peptones, 
^and  that  the  latter  even  in  the  absence  of  all  organisms,  undergo,  in 
part,  ready  decomposition,  yieldiug  as  principal  products  amido-acids, 
lysine  and  lysatinine  and  tryptophan.  It  appeared  probable  enough 
that  in  the  conditions  existing  in  the  alimentary  canal  the  decompo- 
sition might  not  proceed  so  far — that  hemipeptones  and  antipeptones 
once  formed,  might,  either  as  such  or  as  regenerated  albumins,  pass 
through  the  intestinal  wall,  without  undergoing  further  degradation. 
The  experiments  of  Sheridan  Lea  have  shewn  that  even  in  the  normal 
living  alimentary  canal  of  the  dog,  a  fraction  of  the  peptones,  and 
not  altogether  an  insignificant  one,  undergoes  the  decomposition 
which  leads  to  the  settmg  free  of  the  amido-acidsV  On  the  other 
hand,  Macfadyen,  Nencki  and  Sieber  failed  to  find  leucine  and 
tyrosine  in  the  contents  of  the  ileum  and  explained  the  fact  on  the 
hypothesis  that  the  lactic  acid,  which  is  generated  through  the 
instrumentality  of  the  micro-organisms,  modifies  the  activity  of 
trypsin-digestiou  sufficiently  to  prevent  so  profound  a  decomposition 
of  the  albuminous  molecule  as  is  implied  by  the  appearance  of  the 
amido-acids. 

In  so  far  as  the  action  of  the  diastatic  enzyme  of  the  pancreas  is 
concerned,  we  may  now,  with  confidence,  a&sert  that  it  results  in  the 
formation  of  maltose,  and  that  it  is  not  capable  of  breaking  down  this 

>  Sheridan  Lea,  '  A  Comparative  Study  of  Artificial  and  Natural  Digestion/  Joum. 
0/ Phytioloffi/,  Vol  n.  (1890),  p.  227  et  seq. 
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complex  sugar  into  the  simpler  monosaccharides.  The  salivaiy  and 
pancreatic  diaatatic  enzymes  perform,  in  respect  to  the  starches  a&d 
dextrins,  a  function  of  which  the  complement  is  performed  chieflj 
by  the  maltose-converting  enzyme  of  the  intestinal  wall  and,  in  a  less 
degree,  by  the  lactic  acid  producing  organisms  which  find  a  suitabf 
habitat  in  the  small  intestine. 

In  reference  to  the  digestion  of  fats,  the  pancreas  seems  to  pi 
a  part  accessory,  though  perhaps  subordinate,  to  that  which  the  bile 
discharges.  By  the  fractional  decomposition  of  the  neutral  fata  which 
it  exerts,  in  virtue  of  its  fat-splittiug  ferment,  it  establishes  tlie  cou- 
ditions  which  are  favourable  to  the  formation  of  a  true  emuUion  by 
the  bile. 

Amongst  the  enzymes  of  the  intestinal  canal,  curdling  ferments 
must  not  be  forgotten.  The  mucous  membrane  of  the  small  Id- 
testine,  throughout  its  course,  appears  to  form  such  a  ferment,  which 
is,  in  all  probability,  also  present  in  the  pancreatic  juice,  although 
so  far  as  the  Author  is  aware,  no  direct  experimental  evidence  of  the 
fact  exists.  Roberts,  Harris  and  Gow,  and  others,  have  drawn 
attention  to  the  fact  that  all  extracts  of  the  pancreas  curdle  milk,  and 
seem  to  assume  that  we  may  logically  conclude  that  the  pancreatic 
juice  exerts  a  similar  action.  But  that  the  inference  is  not  absolutely 
justified  results  from  the  fact  that,  although  the  mucous  membrane 
of  the  stomach  of  all  adult  animals  yields,  on  suitable  treatment, 
extracts  which  curdle  milk,  it  is  ooly  in  very  exceptional  cases  (aa  ifl  i 
that  of  man)  that  the  gastric  juice  of  adult  animals  possesses  thi^jH 
property.  ■ 

Attention  has  been  drawn  to  the  error  in  which 
nearly  all  systematic  writers  have  fallen  in  their  accoont 
of  the  reaction  of  the  contents  of  the  small  intestine. 
If  we  except  the  duodenum  at  the  very  time  when 
paDcreiLtic  juice  is  being  most  mpidly  secreted,  there 
can  be  no  doubt  that  the  intestinal  contents  are  aci^L      The  acid 
reaction  is,  as  we  have  shewn,  the  result  of  the  production  of  lactic 
acid,  at  the  expense  of  a  part  of  the  sugar  formea  in  the  alimen 
canal,  and  is  effected  through  the  agency  of  various  organisms  ( 
p.  437).    There  can  be  no  doubt  that  a  part  of  the  lactic  acid  form 
must  at  once  enter  into  combination  with  the  sodium   carbo 
which  is  so  prominent  a  constituent  of  the  intestinal  juice.    The 
excess  must  play  a  leading  part,  both  in  virtue  of  its  own  influence 
and  by  setting  free  the  bile  acids,  in  preventing  putrefactive  processes 
occurring  in  the  small  intestine,  to  the  danger  of  the  health,  and 
the  risk  of  the  life,  of  the  creature. 


The  function 
of  the  lactic 
add  fermenta- 
tion In  the  in- 
t«itlna. 


The  deBtmc- 
tion  of  irjpoln 
and  other 
enzymes  In 
the  imaU 
intoatiaa. 


So  long  as  it  was  believed  that  the  contents  of  the 
small  intestine  presented,  normally,  an  alkaline,  and  the 
contents  of  the  large  intestine  an  acid,  reaction,  it  was 
believed  that  the  pancreatic  enzymes,  which  are  all 
destroyed   by   digestion    with   dUute   acids,    must   Im 
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rendered  inactive  whea  passing  from  the  ileum  into  the  colon. 
Seeing  that  the  contents  of  the  small  intestine  possess  normally  an 
acid  reaction,  which  (presumedly)  increases  from  above  downwards, 
it  may  be  assumed  that  the  pancreatic  enzymes  are  destroyed 
before  the  ilio-csecal  valve  is  reached.  The  observations  which  have 
been  made  on  the  fluid  obtained  from  fistulas  of  the  ileum  in  the 
vicinity  of  the  caecum  leave  no  room  for  doubt  on  this  question. 

It  is  the  intention  of  the  Author  to  defer  the  de- 
tailed consideration  of  all  the  questions  connected  with 
the  absorption  v(  the  products  of  digestion,  aud  he  will,  therefore, 
confiue  himself  in  this  place  to  the  most  rudimentary  facts. 

It  is  in  the  small  intestine  that  absorption  of  the  dissolved  organic 
solids  of  the  food  chiefly  occurs.  The  large  surface  of  the  mucous 
membrane  of  this  part  of  the  alimentary  canal,  with  its  innumerable 
villi,  offers  an  absorbing  surface  of  large  extent,  pervaded  by  mesh- 
works  of  capillaries  and  by  the  commencement  of  the  lymphatics,  the 
so-called  *lacteals.'  In  considering  the  extent  of  this  surface  the 
•  valvulffi  conniventes'  must  not  be  forgotten.  These  so-called  valves 
are  crescentic  folds  of  the  mucous  membrane,  which  is  doubtless 
arranged  in  this  manner  so  an  to  afford,  in  a  given  area,  a  larger  extent 
of  absorbing  surface  than  would  otherwise  be  possible. 

The  absorption  of  materials  from  the  alimentary  caual  takes  place 
by  their  passage  into  the  blood  capillaries  and,  in  part,  by  their  passage! 
into  the  lymphatics  of  the  mucous  membrane  (lacteals).  Water,  in- 
organic salts,  sugars,  fatty  acids  and  their  salts,  albumoses,  peptones 
and  the  products  of  their  decomposition,  aud  emulsionized  fats  are  the 
principal  substances  present  in  the  intestiue.  The  paths  of  absorp- 
tion followed  by  these  various  substances  are  not  the  same.  Whilst 
the  fat  makes  its  way  into  the  lacteals,  the  other  constituents, 
more  or  less  changed  in  their  passage,  find  their  way  into  the  capil- 
laries and  thence  directly  into  the  blood.  Even  in  this  strictly 
nidimentary  reference  to  intestinal  absorption,  it  is  necessary  to 
mention  that  although  albumoses  and  peptones  abound  in  the  con- 
tents of  the  iutestiiiu,  these  bodies  can  neither  be  detected  in  the 
lymph  nor  in  the  blood.  Either  a  reconversion  of  albumoses  and 
peptones  occurs  within  the  alimentary  canal  itself  (as  Kronecker  and 
his  school  have  contended),  or  the  reconversion  takes  place  as  the 
albumoses  and  peptones  are  brought  in  contact  with  the  epitbelial 
layer  covering  the  villi,  or  are  subjected  to  the  action  of  the  leuco- 
cytes of  the  adenoid  tissue.  These  various  views  will  be  examined 
d  discussed  in  the  next  volume. 


CHAPTER  XII 

THE  LARGE  INTESTINE  AND  THE  PROCESSES  WHICH 
HAVE  THEIR  SEAT  IN  IT  THE  F^CES  IN  HEALTH 
AND  DISEASE.  THE  INTESTINAL  GASES.  INTES- 
TINAL  CONCRETIONS. 


Sect.   1.     Preliminary   Observations   on   the    Arranoi 
AND  Structure  of  the  Large  Intestinb. 

As  we  trace  the  small  intestine  from  its  commencement  at  the 
pyloric  end  of  the  stomach  we  find  that  this  long  tube,  which  in  mw 
possesses  an  average  length  of  20  feet,  gradually  diminishes  in  calibre 
as  we  pass  from  duodenum  to  jejunum  and  from  jejunum  to  ileum. 
At  the  lower  end  of  the  latter  the  small  opens  suddenly  into  tbe. 
much  wider,  large  intestine  or  'colon:'  though  not  at  the  very  com- 
mencement of  this,  which  is  a  cul-de-sac  (the  caput  c<Bcum  coli  ot 
ccecuTii),  but  at  a  point  a  Little  removed  from  this.  The  margins  of 
the  aperture  by  which  the  small  intestine  opens  into  the  large,  project 
into  the  latter  in  such  a  manner  that,  while  they  readily  permit  the 
passage  of  matters  from  small  into  large  intestine,  any  backward 
movement  of  the  contents  of  the  large  intestine  would  have  the 
effect  of  compressing  the  lips  of  the  opening  and  closing  it;  this 
arrangement  constitutes  the  ilio-ccccal  or  ilio<olic  valve.  Connected 
with  the  caput  ccecum  coli  is  (in  man  and  monkeys)  a  small  diver- 
ticulum, like  a  narrow  glove-finger,  called  the  vemiifarvi  appei^dix. 
The  first  and  greater  part  of  the  large  intestine  is  known  as  the 
colon,  the  last  as  the  rectum.  The  colon  is  subdivided  into  ascending 
colon,  transverse  ccdon,  and  descending  colon,  the  bend  made  by  the 
transverse  in  passing  into  the  descending  colon,  receiving  the  name 
of  the  sigmoid  flexure.     The  total  length  is  from  five  to  six  feet 

The  arrangements  of  the  coats  of  the  large  intestine  are  similar 
to  those  of  the  smalt,  though  modifications  in  each  of  the  constituent 
coats  are  obvious. 

The  mucous  membrane  is  characterised  by  the  absence  of  villi 
It  presents  innumerable  glands  built  on  the  type  of  the  glands  of 
Lieberktihn  of  the  small  intestine,  but  very  much  larger  and  especially 
much  longer  than  these  and  possessing  a  wider  lumen.     Their  epi- 
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ihelium  cells  present,  in  a  very  characteristic  manner,  large  numbers 
of '  goblet-cells/ 

The  muscular  coat  exhibits  a  peculiarity  in  the  arrangement  of  its 
bundles  of  fibres,  especially  of  those  of  its  lougitudinal  coat,  which 
are  'gathered  up  into  three  thickened  hands  or  bundles,  being  very 
thin  elsewhere.  These  bauds,  moreover,  are  shorter  than  what  may 
be  called  the  natural  length  of  the  intestine,  so  that  the  tube  instead 
of  being,  as  in  the  small  intestine,  of  fairly  uniform  bore,  is  puckered 
up  into  sacculi  more  or  less  divided  by  the  three  bands  into  groups  of 
three.  This  sacculated  arrangement  answers  much  the  same  purpose 
as  the  arrangement  of  valvuku  conniventes  in  the  small  intestine. 
The  circular  muscular  layer  is  thicker  in  the  middle  or  bellies  of  the 
sacculi  than  at  the  puckers,  where  it  is  very  thin. ..As  the  sigmoid 
flexure  passes  into  the  rectum,  the  three  bands  of  the  longitudinal 
muscular  layer  spread  out  and  become  once  more  a  uniform  layer; 
^od  with  this  change  the  sacculation  disappears.  This  longitudinal 
foat  is  continued  to  the  auus,  where  it  ends  abruptly.  The  circular 
Coat  at  its  termination  at  the  anus  is  developed  into  a  distinct  ring, 
the  internal  sphincter. ..Down  to  the  margin  of  the  anus  the  mucous 
ixiemhrane  retains  the  characters  of  the  large  intestine,  glands  being 
still  present ;  it  then  abruptly  puts  on  the  epiblastic  characters  of 
the  epidermis*.* 

Sect.  2.    The  chaiiacteu-s  of  the  Intestinal  Contents  as  they 

PASS  FROM  THE  ILEUM  INTO  THE  LaROE  INTESTINE. 

As  the  contents  of  the  ileum  pass  into  the  colon  they  are  more  or 
less  diflBuent,  possess  a  yellowish  colour,  and  are  almost  or  quite 
devoid  of  oilour.  From  the  admirably  studied,  and  almost  unique 
case  of  Macfadyen,  Nencki  and  Sieber*,  in  which  a  fistula  of  the 
ileum  existed  at  its  very  junction  with  the  colon^  it  would  appear 
thai  the  contents  of  the  small  intestine  are  couttnualiy  passing  into 
the  large,  though  the  flow  is  less  during  the  night,  apparently  in 
consequence  of  the  abstention  from  food.  Macfaayen,  Nencki  and 
Sieber  determined  how  long  ingested  bodies  occupied  in  reaching  the 
caecum,  and  they  found  the  time  to  vary  within  wide  limits.  When 
their  patient  ate  green  peas,  the  first  of  these  appeared  at  the  fistulous 
aperture,  in  one  case  2|,  and  in  another  5}  hours  afterwards.  In  the 
first  case,  the  last  of  the  green  peas  were  discharged  14?  hours,  in  the 
second  case  23  hours,  after  they  had  beeu  swallowed.  The  rate  n-ith 
■which  the  intestinal  contents  travel  towards,  and  the  time  occupied 
in  reaching,  the  iho-csecal  valve  depend  upon  the  consistence  of  the 
intestinal  contents  and  upon  the  intensity  of  the  intestinal  move- 
mcnta 

>  M.  Foiter,  A  Text-Book  of  Phytiohffy,  oth  ed.  Part  U.  oomprisiog  Book  u.  pp. 
450  &nd  451.     Macmillon.  1889. 

^  Mjwfkdyen,  Nunuki  and  Sieber,  '  Usber  die  ohemidchu d  Vorgaagti  ini  munsuhlichen 
DdnndArm,*  Archie/,  tip.  Path.  u.  Pharm.y  VoL  iivim  (lJi91),  p.  311  et  ieq. 
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Tbe  clieznical 
diaracteni  of 
the  latesclnal 
contents  when 
passing  into 
th«  colon. 


Tbemorpho-  When  fed   upon  a  diet  composed  of  bread,  meat, 

logical  con-  Kemmerich's  '  peptone/  sugar,  nidk,  beef-tea  and  mot* 

Btltnenta  of  .u         ..     .-      i    '^   C               i-i_-     j /^      j        i          -               \ 

the  intestinml  ^"^  intestinal  contents  exhibited  (under  the  microscope) 

oontente  at  many  biie-stained,  striped,  muscular  fibres:  masses  of 
thoentrauao  "detritus":  pigment  granules:  amorphous  flakes  of 
Into  the  colon,  albumin,  mucin  and  bile  acids:  vegetable  fibres:  and 
numerous  bacteria.  When  the  patient  was  fed  upon  a  diet  composed 
mainly  of  peaae-porridge  and  containing  therefore  a  large  quantity  of 
starch,  on  microscopic  examination,  the  granules  of  the  latter  body 
preponderated  ;  iodine  stained  them,  however,  of  a  red  colour. 

The  reaction  of  the  intestinal  contents,  as  they 
leave  the  ileum  to  enter  the  ca?cum,  is  acid,  the  aciditv 
being  on  an  average  equal  to  that  of  a  solution  of 
acetic  acid  containing  1  part  in  1000,  and  depending 
upon  the  presence  of  organic  acids,  amongst  whicD 
preponderates  the  inactive  lactic  acid  of  fermentation. 
The  fluid  part  of  the  intestinal  contents,  filtered  from  solid  matters, 
contains  the  following  constituents: — Albumin  coagulable  by  heat, 
mucin,  peptones,  (and  albumoses?),  the  products  of  ti-ansfbrmatiou  of 
starch,  inactive  lactic  acid  of  fermentation,  as  well  as  the  opticallv 
active  paralactic  acid,  small  quantities  of  volatile  fatty  acids  (piin- 
cipally  acetic  acid),  bile  acids  and  bilirubin  (not  hydrobilinthin  H 
W  hen  exposed  to  the  air,  the  intestinal  contents  assume  a  green 
colour  in  consequence  of  the  conversion  of  bilirubin  into  biliverdia 
When  the  activity  of  the  filtrate  is  sensibly  greater  than  corresponds 
to  1  per  1000  of  acetic  acid — say  1*5  to  2*0  per  1000 — the  addition 
of  acetic  acid  occasions  no  precipitate :  at  most  a  faint  turbidity.  If 
the  quantity  of  acid  bo  small,  acetic  acid  throws  down  mucin  in  a 
flocculent  condition.  In  consequence  of  its  containing  free  acid,  tbe 
albumin  in  the  filtrate  of  the  intestinal  contents  coagulates  on  men' 
boiling.  When,  however,  the  acidity  is  great,  the  filtrate  must  be 
partly  neutralised  before  the  albumin  can  be  thrown  down  on  boiling. 

Macfadyen,  Nencki  and  Sieber  found  that  when 
their  patient  was  fed  upon  a  mixed  diet  and  the 
intestinal  contents  were  thin,  they  contained  about  5  per 
cent,  of  total  solids;  when  tbe  contents  were  more  con- 
centrated they  contained,  on  an  average,  10  per  cenUof 
total  solids.  Some  idea  of  the  total  quantity  of  the 
contents  passing  from  the  ileum  in  24  hours  may  be  formea  by  the 
results  of  two  observations.  The  total  quantity  being  550  grms.,  the 
residue  weighed  4*9  per  cent.;  the  total  solids  leaving  the  iieoro 
being  therefore  26'95  grms.  On  another  occasion,  232  grms.  were 
collected,  containing  11.23  per  cent  of  residue,  the  total  solid  matters 
amounting,  therefore,  to  26'05grms. 

When  we  now  inquire  in  what  proportions  tbe  various  groups  of 
alimentary  constituents  ai*e  present  in  the  matters  which  pass  into 
the  coloiij  we  fiud  that  coagulable  albumin  amounts  to  less  than 
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\L  per  cent  The  sugar  exhibits  much  greater  variations  than  the 
albumin,  varying  between  03  and  +75 per  cent. 

Macfadyen,  Nencki  and  Sieber  estimate  that  from  30 — 42  per 
;cent.  of  the  solid  matters  of  the  intestinal  contents  entering  the  colon 
jare  composed  of  albuminous  matters  (including  native  albumins, 
albumoses  and  peptones,  insoluble  albuminous  and  albuminoid 
Imatters),  about  8"i3  per  ceut.  of  fats,  about  45  per  cent,  of  carbo- 
ihydrates  and  of  substances  soluble  in  alcohol,  and  about  8*5  per  cent. 
jof  mineral  matters.     They  found  no  indol  and  neither  leucine  nor 

tyrosine  in  the  intestinal  contents  which  had  passed  through  the 

whole  length  of  the  small  intestines. 
I       The  facts  which  we  have  passed  under  review  bring  very  clearly 

before  us  that  as  the  intestinal  contents  pass  from  the  ileum  into  the 
'colon,  they  yet  contain  considerable  quantities  of  alimentary  oon- 
rfitituents  which  are  not  only  capable  of  absorption  but  which,  as 

analyses  of  the  feces  teach  us,  are  actually  absorbed  in  the  colon. 

Although,  as  we  have  seen,  processes  of  fermentation  are  ripe  in 
'the  small  intestine,  they  are  almost  entirely  conJined  to  the  carbo- 
,  hydrates,  and  scarcely  affect  the  albuminous  substances.     The  acids, 

especially  lactic  acid,  developed  by  the  action  of  the  various  micro- 
organisms on  the  sugars  arc  unfavourable  to  the  action  of  putrefactive 
bacteria  on  the  proteids — an  action  which  is  essential  to  the  changes 
^hich  shall  convert  the  unabsorbed  inteijtinol  residue  into  the  fences. 

P 

Sect.  3.  The  final  Digestive  Processes  ix  the  Large  In- 
Lh    testine.     Its  powers  of  Absorption.    The  Processes  which 

^P    CONVERT  the   CONTENTS  OF   THE   CoLON    INTO    FAECES. 

TbeMcreuon  We  have  seen  that  the  intestinal  juice  poured  out 

of  ueberkiiim's  by  the  glands  of  the  small  intestine  is  characterised  by 
(landalnthe  ^^  highly  alkaline  reaction,  which  depends  upon  the 
presence  ot  souiura  carbonate,  and  by  the  presence  m  it 
of  enzymes  capable  of  acting  only  oa  certain  of  the  carbohydrates 
(sugars).  In  spite,  however,  of  this  alkaline  reaction  of  the  juice 
poured  out  in  the  small  intestine,  the  contents  possess  a  marked 
acid  reaction,  due  to  the  products  of  fermentation  engendered  by  the 
{action  of  micro-organisms  on  the  sugars. 

The  mucous  membrane  of  the  colon  possesses,  according  to 
\  Nencki.  Macfa<lyen  and  Sieber,  a  more  powerfully  alkaline  reaction 
than  that  of  the  small  intestine.  Presumably  its  secretion  consists  of 
a  inucin-coutaining  liquid  rich  in  sodium  carbonate.  All  evidence, 
as  we  shall  point  out,  seems  to  shew  conclusively  that  it  contains  no 
eiizynie& 

The  processes  of  the  large  intestine  which  are  of  importance  in 

so  far  as  the  nutrition  of  the   organism   is   concerned,  are  chiefly 

i  processes  of  absorption ;  though,  perhaps  to  a  less  extent  IK^tv  vc\  \Jcvfc 
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small  intestine,  processes  of  fermentation  may  help  to  render  soluble 
some  fractions  of  the  food  constituents  which  had  remained  unacted 
upon. 

Not  only  does  the  large  intestine  possess  the  power  of  absorbing 
the  soluble  albumins,  the  peptones,  the  sugars,  and  a  great  part  i^ 
the  water  present  in  the  intestinal  contents  which  pass  through  the 
ilio-colic  valve,  but  (as  first  demonstrated  by  the  experience  of 
medical  men)  it  possesses  even  in  its  lowest  part,  the  rectum,  powen 
of  absorption  which  enable  life  to  be  supported  for  long  periods  of 
time  by  rectal  injections  (nutrient  enemata),  when  no  food  can  enter 
the  system  by  the  usual  channels. 


Tbe  re- 
gaarches  of 
Bauer. 


Tne  re- 
Bearcbes  of 
Eicbhont. 


I 


Iq  1869,  in  a  research  conducted  under  Voit's 
direction,  Bauer*  shewed  that  if  dogs  are  kept  withoot 
food  for  some  days,  and  when  the  daily  excretiou  of 
urea  has  become  constant,  rectal  injections  of  albuminous  substauces 
are  made,  the  amount  of  urea  excreted  increases  at  once,  proving 
that  the  albumin  has  actually  entered  the  economy.  Having,  in  a 
similar  manner,  injected  solutions  of  so-called  peptones  (doubtless 
composed  almost  entirely  of  albumoses),  Bauer  found  that  these 
were  most  readily  absorbed ;  an  increase  of  urea,  amounting  to 
eight  grammes,  occurring.  This  quantity  of  urea  represented  the 
absorption  of  21  grammes  of  dry  albumin  or  100  grammes  of  fresh 
meat.  Curiously,  Bauer  found  that  a  solution  of  white  of  egg  was 
not  absorbed,  unless  mixed  with  sodium  chloride.  On  the  other  hand, 
a  solution  of  syntonin  was  absorbed  as  readily,  or  nearly  so,  as  one^ 
peptones. 

In  1871  Professor  Eichhorst  of  Ziirich',  then  a 
student  of  medicine  in  Konigsberg,  published  tJie 
results  of  a  research,  conducted  under  the  direction  of 
Professor  vou  Witticb,  which  established,  Istly,  that  the  mucous 
membrane  of  the  large  intestine  formed  neither  a  diastatic  nor  » 
proteolytic  feru>ent:  2ndly^  that  the  large  intestine  possesses  the 
power  of  absorbing  Meissner's  a-,  b-,  and  c-  peptones  (t.e.  albumoses 
and  peptones),  Liebig's  extract  of  beef,  the  albuminous  bodies  of 
milk,  dissolved  myosin,  dissolved  alkali-albuminate,  egg  albumin 
mixed  with  common  salt,  and  solution  of  gelatin :  3rdly,  that  it  is 
unable  to  absorb  pure  white  of  egg,  syutomn  solutions,  the  albuioin 
of  blood  serum  as  well  as  undissolved  fibrin,  syntonin  and  myosin. 

The  researches  of  Bauer  and  of  Eichhorst  received  confirmation 
and  valuable  practical  application  at  the  hands  of  Leube'  as  well  asd 

I  J.  Baner,  'Uebor  d.  Aufsaug.  im  Dick-  und  Diixmdarm,'  ZHttchr,  /.  Biohyiet 
T.  (1869). 

*  Hermann  Eichhorst,  Cand.   Med.  aus  Konigsberg,   'Ueber  die  K''=-r|>»—" 
Albuminate  ini   Diokdarm'   (Von    dcr    med.   Fakultiit    der    Albertus-l 
Konisisberg  mit  dem  Preise  gekrbnt),  Pfliiger's  Archiv,  Vol.  iv.  (1871),  p]\ 

!>  W.  0.  Leube,  'Ueber  die  ErnShrung  der  Kranken  vom  Mutdarm  atui,   lM» 
JrcMv/.  klin,  Medizin,  VoUx.  V^^ftl^V  W-  ^—^' 
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zeruy  and  Latschenberger'.  The  latter  observers  from  observations 
e  on  a  case  iu  which  a  praeteruatural  auus  existed  iu  the  left 
inguinal  region,  corarauuicating  with  the  sigmoid  flexure,  came  to  the 
conclusion  that  soluble  albuniia  undergoes  no  change  when  brought 
in  contact  with  the  human  large  intestine,  but  is  absorbed  as  such. 
Every  circumstance  which  leads  tu  an  irritation  of  the  gut  hinders 
Absorption.  Their  expeiiments  led  them  however  to  form  an  estimate 
that  the  whole  large  intestine  could  only  absorb  6  grammes  of 
ftUmmia  in  the  space  of  24  hoiu-s — a  quantity  quite  insuflicient  to 
support  the  life  of  man.  It  seems  obvious  that  the  discrepancy 
between  these  results  and  those  of  other  observers  is  to  be  explained 
by  the  fact  that  the  conditions  of  the  case  studied  by  Czemy  and 
Latschenberger  permitted  only  the  rectum  to  be  tilled  with  liquid, 
and  that  in  all  probability  absorption  goes  on  much  more  rapidly  iu 
the  parts  of  the  colon  situated  higher  up. 

In  a  research  of  great  interest  which  he  performed  with  the  aid 
rof  a  patient  with  a  pneteroaturnl    anus    communicating  with    the 
■|icum,  Marckwald,  besides  shewiug  that  the  secretion  of  the  colon 
f^fceesses  neither  diastatic  nor  proteolytic  power,  determined  that  the 
whole  large  intestine  is  only  capable  of  absorbing  about  250  grammes 
of  water  in  the  course  of  12  hours.     Curiousiy,  m  the  case  observed 
by  hiio,  solution  of  albumin  did  not  appear  to  be   absorbed,  and 
peptones  gave  rise  to  great  irritation*.     If  we  consider  the   non- 
Absorption  of  albumin  and  peptones  observed  by  Mackwald  by  the 
aid  oi  the  information  supplied  by  previous  observers,  to  wit,  that  all 
irritation  of  the   large   intestine  seems  to  arrest  the  absorption  of 
dissolved  albuiniuous  bodies  (not  apparently  the  absorption  of  NaCl), 
We  shall  arrive  at  the  conclusion  that  his  anomalous  results  were 
probably  due  to  a  morbid  condition  of  the  large  intestine,  existing  in 
his  case. 


ICT.  4.  The  Micro-organisms  of  the  Colon  and  theih 
I  products.  The  Conversion  of  the  contents  of  the 
I  Colon  into  Faeces. 
When  the  intestinal  contents  reach  the  ilio-caecal  valve  they 
contain  no  longer  either  pepsin  or  trypsin.  We  have  discussed  the 
destruction  of  the  former,  and  with  reference  to  the  latter  we  can 
have  no  doubt  that  it  is  gradually  destroyed  by  the  organic  acids  of 
the  small  intestine.  We  have  adduced  the  concordant  testimony  of 
.several  most  competent  observers  who  have  shewn  that  no  enzymes 
are  formed  in  or  secreted  by  tlie  mucous  membrane  of  the  large 

'  V.  Czerny  and  T.  LotacheubtTner,  'PhysioloK'ische  Untt^rsuchtmgtiD  liber  Ver- 
(lAuung  nnd  Resflrptioii  im  Dickdurm  iie8  MenAcLt^/  Virchow'ii  Archiv,  Vol  lix. 
(1874).  pp.    161—190. 

-  Max  Mackwald,  'Ueber  Verdannng  und  Resorption  im  Dickdanue  des  Menschen' 
(Ans  d.  pbjs.  Inst,  von  I^of.  KOhoe  zn  Heidolborg)^  Virohow's  Arehiv,  Vol.  lxiv.  (1875), 

605—539. 
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intestine.  We  have  now,  however,  to  consider  whether  micro- 
organisms exist  in  the  large  intestine  which  possibly  subserve  i 
useful  function  by  completing  the  solution  of  the  uDdi&solved  albo- 
minous  and  carbohydrate  conBtituents  of  food  which  have  resisted  all 
previous  agencies. 

It  was  pointed  out  by  Marckwald,  in  the  research  to  which 
reference  has  already  been  made,  that,  although  no  proteolytic  enzyme 
exists  in  the  colon,  albuminous  matters  introduced  into  it,  give  rise. 
under  the  influence  of  putrefactive  processes,  to  small  quantities  of 
peptones  which  are  doubtless  absorbed 

The  thAnc-  The    researches   of    Bienstock*,  William   Booker', 

^^J^^j^-  Macfadven,  Neucki  and  Sieber',  of  Jakowski*  and  of 
the  Urge  Zumft  ,  have    now   placed   us   in   possession  of  much 

iDieatine.  information  as  to  the  micro-organisms  of  the  colon  and 

particularly  leave  no  room  for  doubt  that  several  exist 
which  exert  a  powerful  action  on  the  carbohydrate  constituents. 

Bienstock  isolated  four  micro-organisms  existing  in  human  fscee* 
amongst  which  he  found  one  which  he  considered  to  be  specially  con- 
cerned in  the  decomposition  of  albuminous  substances,  Bacillm  putn- 
Jicus  coli.  Booker  in  general  confined  his  observations  to  the  faeca 
of  suckling  children  and  found  them  to  contain  nearly  pure  cultures 
of  Bacteriuni  coli  commune.  He  found  this  organism  to  increase 
when  diarrhoea  supervened,  in  proportion  to  the  severity  of  the 
disease.  He  also  observed  an  organism  resembling  the  Bad.  lactis 
aerogefies. 

Macfadyen,  Neucki  and  Sieber  isolated  three  organisms  from  the 
contents  of  the  colon,  viz.  (1)  the  Streptococctis  liquefaciens  tZtft,  closely 
allied  to  the  Streptococcus  coli  gntc'dis  of  other  authors:  (2)  the 
Bacteritmi  Bischleri,  doubtless  one  of  the  forms  of  the  Bacterium  coti 
commiins:  (3)  Bacterium  lactis  aerogmes.  All  '  bouillon  '  and  gelatiu 
cultures  made  with  the  contents  of  the  large  intestine  poss^sed  a 
repulsive  odour  of  putrefaction  and  the  majority  of  the  colonies  ob- 
tamed  with  plate  cultures  consisted  of  a  nou-fluorescing  putrefective 
bacillus.  Jakowski,  in  a  recent  research,  conducted  in  Nencki's 
laboratory  at  St  Petersburgh,  isolated  the  following  organisms  from 
the  contents  of  the  colon: — Bactenum  lique/acieits  coli:  StreptocoC' 
cus  coli  gracilis:  Bacilhut  puirificus  coli  (Bienstock). 

Amongst  the  organisms  just  mentioned,  the  Bacterium  coli  cow 
mune  has  an  intense  action  on  sugar.     It  gives  rise,  according  to  the 

^  Bieoatock,  Zeitschrift  /.  klin.  Med.,  Bd.  Tin.  (quoted  by  Macfadyen,  Nenoki  tod 
Bieber.  ov.  ctt.,  p.  336). 

>  WQliam  Booker  (quoted  by  Macfadyen,  Kenoki  and  Sieber). 

*  Macfadyen,  Nencki  &m\  Sieber,  op.  cit.,  p.  337. 

*  Jakowski,  *  ContribntionR  &  r^tu<1e  dts  prooessUB  chimiqaee  dane  lea  inteslins  ^ 
Vhomoie'  (Travail  dn  laborat.  de  M.  Nenolu).  Arehivet  dt$  Scietteti  BioloffiqueJ,  M 
P(ter*bourg.     Tome  i.  (1602).  p.  689. 

*  Zumft,  see  foot-note  3,  p.  455. 


l 


CHAP.  XU,]       PUTREFACTIVE   PROCESSES   IN  THE  COLON. 


455 


observations  of  Dr  Bischler^  to  a  most  energetic  fermentation,  in 
iK-bich  are  formed  ethylic  alcohol,  acetic  acid,  and  dextrogyrous  para- 
lactic  acid*.  As  was  stated  in  discussing  the  micro-organisms  of  the 
small  intestine,  the  Bacteinuvi  lactis  aerogenes  has  an  intense  action 
on  sugar,  developing  alcohol  and  according  to  Frey  dextrogyrous 
paralactic  acid.  When  grown  in  the  absence  of  air  it  decomposes 
sugar  with  the  production  of  a  mixture  of  gases,  containing  7238  vol. 
p.c.  of  CO,  and  27*61  of  H. 

It  is  the  Streptococcus  lique/aciens  coU  and  the  other  putrefactive 
bacteria  to  which  reference  has  been  made,  which  are  the  cause  of 
the  putrefactive  fermentation  which  attacks  the  proteids.  That  this 
produces  small  quantities  of  peptoues  and  utlier  soluble  products  of 
the  putrefactive  decorapositiun  of  albumin,  as  Marckwald  shewed,  and 
that  these  are  absorbed,  is  likely  enough,  but  the  part  which  they  play 
in  reference  to  the  nutrition  of  the  body  must  be  a  very  limited  one. 

The  action  of  these  organisms  is,  however,  able  to  convert  into 
faeces  the  rtisidual  matter  left  after  the  absorption  of  a  large  part  of 
the  water  and  of  the  soluble  constituents  which  the  intestinal  cout^uta 
possessed  on  entering  the  colon.  The  alkalinity  uf  the  mucous  secre- 
tion of  the  coIqu  is  such  as  more  than  to  neutralise  the  organic  acids 
which  are  the  products  of  the  action  of  the  bucterium  commujie  coli, 
&C.,  and  the  alkaline  reaction,  which  is  so  favourable  to  true  putre- 
faction, is  established. 

The  putrefactive  process,  which  attacks  the  residues  of  the  diges- 
tive process,  is  one  in  which  the  proteid  bodies  are  decomposed  with 
the  production  of  characteristically  stinking  products,  amongst  which 
skatol  is  the  chief  \  The  nasceut  hydrogen,  which  is  evolved  during  its 
progress,  acting  on  the  bilirubin,  which  had  retained  its  individuality^ 
now  converts  it  into  hydrubilinibiu,  the  characteristic  colouring  matter 
of  the  fajces.  Yet,  even  when  the  putrefactive  changes  are  complete, 
the  fajces  have,  under  normal  circumstances,  to  sojourn  a  while  in 
the  rectum,  where  the  absorption  of  water  and  perhaps  even  of  other 
diffusible  substances  goes  on  until  they  are  expelled  from  the  body. 

It  is  a  strange,  and  a  somewhat  puzzling,  fact  that  the  hydro- 
bilirubin,  the  indol.the  skatol, the  phenols,  which  are  the  result  of  the 
putrefactive  process,  which  goes  on  iu  prepouderatiug  measure,  if  not 
exclusively,  in  the  large  intestine, nhuuld  in  great  measure  be  absorbed 
and,  after  entering  the  portal  blood  and  making  their  way  thr-'Ugh  the 
liver,  be  excreted,  somewhat  moditied  or  iu  new  combinations,  iu  the 
urine.     That  these  bodies  play  a  part  iu  intiuencing  the  metaboUc 

^  Original  ob&erv&tions  communicated  to  Dr  BlacliBteiQ.  Soehis  'CoDtribution  L  la 
Biologie  du  B&ciUe  Tj-pbique,'  Premier  Memoir,  p.  II. 

-  bo6  also  A.  BaKiDsky,  'Zur  Biologie  der  uormalen  Milohkotbakterien,*  Zeit$eh.  /. 
ph>f$.  Cfifpi.,  Vol.  xni.  Ut^S9),  p.  853. 

'  Zamft,  in  a  recont  research  condaotecl  in  Ncnoki's  laboratory  at  8t  Petersburgh, 
foand  no  skatol-carbonic  acid  in  the  coulouts  of  tbo  colon.  Bee  Zomft  'Sor  le& 
procesflug  da  putr^fiietion  tlana  le  k^oh  inteittin  do  rhomme,*  Ac.  Archives  de»  Sc.  UioL, 
St  Peurtbourff.     Tome  i.  (lBy2j.  p.  iU7. 
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processes  of  the  body,  scarcely  admits  of  a  doubt  Tl»e  pheuii 
indo],  even  the  foetid  skatol,  which  result  from  the  life-work  "i 
putrefactive  bacteria  of  the  intestine,  illustrate  the  general  Uw  that 
the  products  of  living  organisms  lu'e  prejudicial  to,  aad  capble  of 
destroying,  organisms  of  the  kind  which  produced  them:  for  all  tJi»? 
bodies  are  antiseptics  of  more  or  less  power. 

The  absorption  of  the  hydrobilirubin,and  its  subsequent  excreboo 
in  modifit^d  forms  in  the  urine,  may  be  a  mere  accident  of  iu  solu- 
bility and  difliisibility,  or  it  may  play  a  real,  though  yet  undiscoverHlj 
part 


Colon. 


Sect.  5.    The  F^ces  in  Health. 

Amount  per  The  weight  of  the  foeces  excreted  by  healthy  owl 

'"•°^*  amounts,  on  an  average,  to  one-seventh  or  oiie-eigliil 

of  that  of  the  solid  food,  and  may  be,  therefore,  estimated  as  &» 
130  to  200  grms.  per  diem,  but  the  amount  varies  remarkably  wit 
the  nattire  of  the  fofwi,  with  the  way  in  which  it  has  been  cooked, 
otherwise  prepared^  &c.     When  the  diet  is,  in  the  main,  a  vegeUbl 
one  containing  much  cellulose,  the  amount  of  unassimilable  maU 
to  be  got  rid  of  is  much  larger  than   wheu  the  diet  is  mainly  aol 
animal  one.     The  quicker,  too,  the  passage  of  the  food  through  thft* 
alimentary  canal,  i.e.  the  more  rapid  the  intestinal  contractions,  tk 
greater,  cteteris  panbus,  the  weight  of  the  faeces. 

The  consistence  of  the  fa'ces  varies  greatly  and  de- 
pends, mainly,  on  the  length  of  sojourn  in  the  coIi^il 
The  colour  1b  much  iuflueuced  by  the  nature  of  the  food,  by  the 
abundance  or  otherwise  of  the  bilitiry  colouring  matters  and  their 
derivatives,  and  by  the  accidental  presence  of  foreign  elemeots 
especially  of  a  metallic  nature.  Thus  the  ffleces  passed  on  a  piiwk 
animal  diet  ari:  dark  browu,  and  on  a  milk  diet  are  yellowish  white 
When  iroa  and  bismuth  are  present,  even  in  small  quantities,  iu  the 
stools^  the  co!our  is  a  black  one,  due  to  the  formation  of  sulphide  I'l 
iron.  After  the  administration  of  calomel,  the  stools  have  a  greeu 
colour,  which  was  formerly  supposed  to  be  due  to  an  admixture  with 
sulphidii  of  mercury.  The  true  explanation  appears,  however,  to  be 
that  under  the  influence  of  calomel  intestinal  putrefaction  is  arrtSt^MJ 
and  the  biliverdiu  which  is  derived  from  the  oxidation  of  the  bile 
colouring  matter  posses  unchanged  into  the  stools.  When  the  bile 
Ih  cut  on  from  the  intestine  the  stools  are  clay  coloured. 

The  amount  of  solid  matters  in  the  ffeces  varies  between  174 
and  31-7  px. 

The  following  results  were  obtained  by  Bischoff  and  Voit  in  the 
case  of  carnivores. 

"When  fed  upon  a  purely  flesh  diet  a  strong  dog  excreted  in  24  boor* 
only  27 — 40  grms.  of  faces  contninLng,  on  an  avenige,  12*9  grms.  of  aolidi 
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though  the  amount  of  meat  consumed  varied  between  500  and  2500  grms. 
Under  these  conditions,  the  feceH  are  almost  black,  tenacious  like  pitch  or 
simply  solid  and  are  only  evacuated  at  intervals  of  some  days.  On  a  diet 
of  bread,  defaecation  occurs  at  least  once  dailj*,  and  tlie  weight  of  f»ce8  ex- 
creted is  nnich  greater  than  on  a  desh  diet,  reaching  one-sixth  to  ono-eighth 
of  the  weight  of  the  food  ingested.  Thua  in  Bischoff  and  Voit's  first  set  of 
eacperiments,  the  amoimt  of  bread  consumed  jwr  tliem  amounted  to  857 
grms.,  which  corresponded  to  4G0  gmis.  of  water-free  bread.  The  faaces 
weighed  377  grms.  and  contained  76  grms.  of  solid  matters^  so  that  for 
every  100  grms.  of  bread  consumed,  there  were  excreted  166  grins,  of 
fffioea.  Kfloces  passed  on  a  purely  bread  tliet  are  of  a  yellowish-brown  and 
crumble  easily.  They  possess  a  strongly  acid  reaction  and  are  coloured  of 
an  intense  blue  by  iodine.  The  percentage  composition  of  these  ftecea, 
compared  with  that  of  bread,  shews  that  they  are  composed  of  nearly 
unchanged  bread  which  the  digestive  apparatus  baa  been  unable  to  utilise, 
whiUt  the  faeces  passed  on  a  flesh  diet  differ  widely  in  composition  from 
flesth,  as  the  subjoined  table  will  8hew^ 


Results  of  Obii9r\xUion$  on  the  Dog  {Biscf^ff  cmd   Voit), 


Fnoes  exoreted 

• 

FiBoea  excreted 

i 

Bread 

on  a  pnrdy 
bread  diet 

Meat 

OD  a  purely 
meat  diet 

C  per  cent 

45'5I 

47-39 

51  95 

43-44 

H     

6-45 

6-59 

7-18 

6-47 

N    

2-39 

2-92 

14-11 

6-50 

O    

41  ■.'13 

36  08 

21*37 

13-58 

Mineral  matters 

4-12 

7  02 

5-39 

30-01 

Reaction  of  We  have  drawn  attention  to  the  almost  universally 

the  faces.  propagated    error    that    the  contents  of  the  small   in- 

testine usually  possess  an  alkaline  reaction.  We  have  now  to  em- 
phasize the  parallel  error  which  is  also  widely  diffused,  viz.  that 
the  contents  of  the  large  intestine  and  the  faeces  possess  an  acid 
reaction.  The  exact  contrary  is  tnie.  Usually  the  normal  fieces  of 
man  are  alkaline,  and  it  is  very  exceptional  that  they  present  an 
acid  reaction. 


Tbe  odour  of 
tbe  fs»c«8. 


The  specific  foul  odour  of  faeces  is  due  to  iadol 
and  especially  to  skatol,  developed  by  the  action  of 
putrefactive  bacteria  in  the  colon.  Occasionally,  sulphuretted  hydro- 
gen, ammonia,  and  other  volatile  bases,  contribute  to  the  foetid  odour. 

'  This  account  of  Biechoff  and  Voit'e  experiments  (Die  Qetette  der  Emiihrxtntj  lUs 
Flei$chfr€4sfr»,  Leipzig  u.  Heidell^erg,  1860,  p.  290)  is  taken  from  the  paper  by 
Mocfadyexi,  Xencki  and  Sicber.  Archiv  /.  cxp.  Path.  u.  PAann.,  Vol.  xxvxu.  (1691), 
p.  S44. 


DBKrVATIVTO  OF  THE  BILE  IN  THE  F.fiCE8.         [ 

MlCToscoplc  On  microscopical  examinatioD,  the  faeces  of  man  and 

^»»ot«"  of  animals  consuming  a  mixed  diet  may  exhibit  the 
following  structures:  vegetable  parenchyma,  slarch 
graDules,  spiral  vessels,  masses  of  woody  fibre,  fragments  of  muscular 
fibres,  fragments  of  tendon  and  ligament,  yellow  elastic  fibres, 
fragments  of  blood-vessels,  masses  of  fat,  crystalline  calcium  salts  of 
the  fatty  acids,  undissolved  nucleins,  besides  mucus  and  epithelium 
which  appears  to  be  abundantly  exuviated  by  the  intestinal  walk 
There  are  also  frequently  found  chlorophylloid  matters,  crystals  of 
ammoniaco-magnesium  pliospbate  &c. 

THe  derivi^  The   brown  colour  of  the  normal  fseces  is  due  w 

wIoLi^^*  hydrobilirubin.  He^msius  and  CampbeU'  had  ei- 
xnattar  found  pressed  the  opinion  tbat  the  colouring  matter  fif  tbi 
In  the  eicr*.  fjiices  was  identical  with  choletelin.  V'anlair  sb' 
ments.  Jlasius"  afterwards  described  the  colouring  matter 

HydrobniruWn.  ^^q  faeces  as  a  body  very  closely  resembling  choletelin 
in  properties,  especially  in  spectroscopic  characters,  but  which  they 
considered  distinct  from  it,  assigning  to  it  the  name  of  *Stercobilin. 
Jaff^  looked  upon  the  colouring  matter  of  the  faeces  as  identical  witb 
the  urobilin  of  the  urine*.  Maly*»  however,  subsequently  shewed 
that  t,Le  colouring  matter  of  the  faeces  is  doubtless  the  same  ss 
the  product  of  reduction  which  he  had  obtained  from  bilirubin  and  lo 
which  hy  hod  assigued  the  name  'hydrobilirubiu'.  The  origin  of  the 
latter  body  from  bilirubin,  under  the  intiuence  of  the  nascent 
hydrogen,  abundantly  evolved  during  intestinal  digestive  processes, 
sufficiently  explained  its  occurrence.  Notwithstanding  the  argumeuts 
of  MacMunu,  which  are  based  on  minor  differences  in  spectroscopic 
reactions^  the  Author  is  of  the  opinion,  which  is  shared  by  nearly 
all  physiological  chemists,  that  the  normal  colouring  mattei*  of  the 
i'aecea  is  a  product  of  reduction  and  is  identical  with  Maly's  hydro- 
bilirubin. 

The  deriva-  Some   undecom posed   glykocholic    acid    has   been 

bu*"  ^'djT*        found,  by  Hoppe-Seyler,  in  the  excrements  of  the  ox. 


I 


found  In  ^°  ^^®  main,  however,  as  has  already  been  repeatedly 

the  fsBoea.  insisted   od>  the   greater   part  of  the   bile   acids  are 

removed    by  absorption,  and  only  small  quantities 
cholalic  and  choloidic  acids  are  found  in  the  fstces.     It  is  reaiarkal 
tliat  the  fseces  only  contain  very  small  quantities  of  the  extreme^ 
resistant  taurine.     Dressier',  by  wilculating  the  sulphur  existing  ui 


arc 


^  HeyDBiofl  and  Campbell,  op.  eit.^  p.  320. 

3  Yanlair  and  MasiuB,  'Neuer  AbkdminUng  dea  Gallenfarbstofffl  Im  Darmln 
Centralbl.  f.  d,  uied,  W'Uimiuchaft,  1871.  no,  *i4. 

*  Max  Jaff6,  Vorkommen  von  Urobilin  im  Darminhalt,'  Centralilatt  /.  d.  nti. 
Wit»rtischtt/t,  1871,  no.  30. 

*  Eicliard  Maly.  'KUnstlicbe  Umwandlnng  von  Bilimbin  in  Harnfarbsloff/  Cfn- 
tralblattf.  d,  m€d']f'iMti}isch.,  1H71.  DO.  51.  'Umvandlnng  von  Bilirubin  in  Hani&ft»* 
stoflf,'  Maly's  Jaftraber.,  Vol.  u.  (1874).  p.  233  et  te>i.     See  p.  237. 

^  W.  Dreflaler,  *Beitrag  zur  Kenntnisa  der  excreuientiellon  Taurin-  and  Sfbvf* 
felausfohr  beim  Menschftn,'  Prater  VicrtetjahruchTift.  Vol.  lxxxviii.  (1865),  p.  1. 
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organic  combination  in  the  fieces  as  taurin,  found  that  the  total 
quantity  excreted  in  24  hours  only  amounted  to  0*32  grms.  This 
fact  affords  an  additional  proof  that  the  bile  acids  are  mainly  re- 
absorbed in  the  alimentary  canal. 

Fausad  1,     Fats.    Even   the   normal    fseces  of  men   on   a 

^^^•^Jl*"  ^  mLxcd  diet  contain  small  quantities  of  the  neutral  fats, 
the  quantity  of  palmitin  and  stearin  being  said  to  be 
greater  than  that  of  the  olein.  When  large  quantities  of  fats, 
especially  of  oils,  are  added  to  the  diet,  the  faeces  always  contain  an 
excess  of  fat.  Berths*,  in  experiments  upon  himself,  found  that 
when  consuming  daily  a  diet  composed  of  350  grms.  of  meat,  500 
of  bread,  60  of  fat  and  100  of  fruit,  the  quantity  of  fat  daily  excreted, 
in  the  faeces  amounted  to  7 — 8  grms.  Ou  adding  60  grms,  of  cod- 
liver  oil  to  this  diet,  he  excreted,  on  the  1st  day  8  grms.,  on  the  7th 
day  12  grms..  on  the  12th  day  18  grms.,  on  the  20th  day  22  grms.,  and 
on  the  30th  day  49  grms.  From  this  experiment  it  would  appear^ 
that,  at  first,  the  alimentary  canal  was  able  to  absorb  nearly  the  whole 
of  the  extra  fat,  but  that  the  capacity  of  absorption  became  gradually 
impaired. 

The  faeces  always  contain  magnesium  and  calcium  salts  of  the 
fatty  acids,  which  are  often  found  crystallised.  If  the  faeces 
thoroughly  extracted  with  alcohol  and  with  ether,  so  as  to  remove 
the  normal  fats  and  the  free  fatty  acids,  and  the  insoluble  residue 
be  then  treated  with  hot  acidulated  alcohol,  the  fatty  acids,  previously 
m  combination  with  the  alkaline  earths,  pass  into  solution. 
H  Lecithin  is  either  absent,  or  present  in  traces,  in  the  fseces. 

2.  Cholestet'in.  The  normal  fasces  always  contain  some  chole- 
sterin.  According  to  Austin  F'lint,  jun.",  the  fmces  do  not  contain 
choleeterin,  but  a  body  derived  from  it  to  which  he  gave  the  name  of 
stercorin.  It  is  the  uuiveraal  opinion  that  Flint's  stercoriu  was  merely 
impure  cholesterin. 

szereUn  In  1857  Marcet*  separated  from  the  faeces  of  man  a 

u4  Axcre-  body  crystallisincfin  shining-  needles,  soluble  in  alcohol 

toUo  aoid.  1*^     I  111-         °  I  -  I     1  I 

and  ether,  rnsoluble  in  water,  to  which   he  gave  the 

name  of  excretin,  and  assigned  the  formula  CwHiegSOa.  Hinterberger* 
afterwards  made  an  elaborate  investigation  of  this  body  and,  by  re- 
crystallising  it  many  times,  obtained  it  free  from  sulphur.  From  100 
pounds  of  excrements  he  obtained  8  grms.  of  excretin.  According  to 
this  investigator,  excretin  has  the  empirical  formula  Ca,Ha,0.    Unlike 


I  Berth^  quoted  by  Maly.     Hermann's  Handbuch,  Vol.  v.  i.  p.  243. 

>  AusUn  Flint,  Jun.,  Recherches  expirimentale*  sur  utie  nouvelle  fonction  du/oieiCc. 
Vtiis,  186b. 

"  W.  Marcet,  *0n  the  immediate  principles  of  human  excroments  in  the  healthy 
Btate/  Philofophicai  Transactions^  Vol.  cxlvii.  Part  1  (lUd7).  pp.  403 — 413.  Also 
AmmUi  d^  chimit  et  dif  phyt..  Vol.  ux.  U860),  p.  Ul. 

*  F.  hinterberger,  'Ueber  das  Excretin,'  Ann.  d.  Chem.  u.  Pharm.,  Vol  clxvl 
(1873),  p.  213. 
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cholesterin  it  separatee  in  warty  or  spherical  masses  and  is  less  soluble 
iu  glacial  acetic  acid  than  cholesterin.  Excretin  when  treated  with 
bromine  yields  u  biuly  having  the  composition  C^HjiBr^O.  By  tht 
name  of  *  excretolic  acid.'  Marcet  described  an  oily  body  which  he 
separated  from  human  fieces.  These  he  extracted  with  hot  alcohol 
and  precipitated  with  calcium  hydrate.  He  decomposed  the  calcium 
precipitate  with  sulphuric  acid  and  then  shook  with  ether,  &c.  The 
purified  residue  had  a  melting  point  between  25^ — 26°  C,  was  insolu- 
ble in  water,  soluble  in  ether,  and  easily  soluble  in  hot  alcohol, 
Presumedly,  excretolic  acid,  the  product  obtained  by  Marcet^  was 
an  impure  mixture  of  fatty  acids. 


m 

h  (lie     1 


Mineral  The   fffices  contain    mineral    salts,    of    whicn 

mattera  found  amount  varies  greatly  according  to  the  nature  of  the 
food  ingested  ;  these  are  composed  mainly  of  phos- 
phates of  the  alkaline  earths,  with  a  small  quantity  of  phosphate  of 
iron,  silica,  &c.  The  amount  of  the  mineral  matters  varies  between 
1  and  8  per  cent. 

ReaulU  of  quantitative  analyses  of  Human  Faxes. 

The  water  and  volatile  matters  vary  between  82*6 — 68*3  p.( 
The  solid  matters  (organic  and  mineral).  17*4 — 31*7  p.( 
Total  atilid  matters  excreted  in  24  hours  16 — 57  gnus. 

Average 30  grms. 

100  parts  of  dried  faeces  yield  on  an  average 

Matters  soluble  in  ether  (mainly  fats)     .  11*5  p.a 

„  „        alcohol       .  .  15-6  p.c 

„  „        water         .  200  p.c' 

According  to  Enderlin*.  the  following  represents  the  compositiot 
of  tbe  mineral  matters  of  the  fseces. 

Salts  soluble  iu  (Sodium  chloride  and  sulphate  r.S?) 


water  ISodium  phosphate  2*03j 

Earthy  phosphates  80*37\ 
Ferric  phosphate       2'09 1  o  i  ^jo 


Salts  insoluble 
in  water 


Calcium  Sulphate     4*53 [ 
Silicic  acid  7'94) 


Porter",  in  a  research  conducted  in  tbe  Giessen  laboratory,  under 
Liebig,  fouud  the  mineral  matters  of  human  fieces  to  amount,  oo 
the  average,  to  67  p.c.  The  mineral  matters  of  the  fcBces  passed 
during  4  days  weighed  11*47  grms.     The  faeces  of  babies  fed  only 

^  Websarg  quoted  by  Maly.    Hermann's  Handbuch,  Vol.  v.  i.  p.  346.  h 

»  Endcrlin,  Ann.  d.  Chem.  u,  Ptiarm.,  Vol.  xux.  (1844),  p.  338.  f 

^  J.  A.  Porter,  '  Untorsachung  der  Asobe  meoBchlicher  Kxcremente,*  An»»  d.  Cfu*- 
u,  Pharot,,  Vul.  lxxi.  (1849|,  p.  109. 
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THE  MECONIUM. 


human  milk  have  been  analysed  by  Wegscheider,  who,  as  the 
lean  of  three  analyses,  found 

Water  in  100  parts   85  13 

Organic  matters  „  1371 

Mineral  matters  „  ri6. 

The  nature  and  amount  of  the  constituent  organic  matters  is 
exhibited  by  the  following  mean  of  10  analyses  : — 

Mucin,  epithelium  and  lime  soape  in  100  parts  5*39 

Cholesterin 0*32 

Fats  and  fatty  acids 1*44 

Alcohol  extractives  ......  0'82 

Water ,  6-35 

Iiiorgaaic  salts 1*36 


The  Meconium. 

This  term  is  applied  to  the  contents  of  the  large  intestine  of  the 
foetus,  which  are  expelled  at,  or  aft-er,  birth. 

PiiyBicai  The  mecouium  is  a  dark  gi*eenish  brown,  pitch-like 

^^**"***'**  substance,  devoid  of  putrefactive  odour;  it  usually 
possesses  an  acid  reaction.  It  exhibits,  under  the  microscope,  in- 
numerable cylindrical  epithelial  celts,  united  together  and  often 
retaining  the  form  of  the  villi,  fruni  which  they  have  become 
detached.  These  cells  are  usually  stained  of  a  ereen  colour.  Besides 
epithelial  cells,  large  numbers  of  cholesterin  plates  and  fat  globules 
are  to  be  seen,  as  well  as  crystals  of  bilirubin. 

Chemical  The  meconium  contains  from  20  t<»  28  p.c.  of  solid 

ohA»ct«ra.  matters.  These  include  mucin,  bilirubin,  biliverdin 
and  bile  acids,  cholesterin,  and  small  quantities  of  fats  and  fatty 
acids.  Zweifel^  who  has  made  the  most  complete  niodorn  researches 
on  the  meconium,  as  well  as  Hoppe-Seyler,  found  niiither  lecithin 
nor  bydrobilirubin  in  it.  The  latter  fact  affords  evidence  that  no 
reduction  processes  occur  in  the  foetal  intestines. 

From  the  meconium  of  the  calf,  Hoppc-Soyler*  obtained  as  much 
as  1  p.c.  of  pure  bihrubin.  Besides  bilirubin,  thi'  meconium  contains 
much  biliverdin  and  a  colouring  matti:r  which  tixhibita  a  narrow 
absorption  band  on  the  red  side  of,  and  near  to,  y>,  ami  a  broader  and 
darker  band  between  D  and  E,  This  colouring  matter  passes  into 
the  ethereal  solution  when  calf's  mecouium  is  treated  with  alcohol, 
the  alcohol  distilled  off  and  the  residue  is  treated  with  ether.  The 
ethereal  solution  possesses  a  purple-red  colour 

^  Zweifel.  *Unteraachang«D  Qber  dM  MMOolam,'  Arekiv  /*  OyftHtutloffiet  Vol.  vzl 
(1875).  p.  474. 

'  Hoppe-B«yler,  Phy^iolog,  Chem*,  p.  840. 
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The  following  analyses  exhibit  the  general  composition  of  human 
mectmium  (Zweifel). 

(S) 
Water 

Solid  matters 
Cholesterin 
Fats 
Mineral  matters  „  0*978       0-87      1-238 

In  the  mineral  matters,  Zweifel  found  much  sulphuric  acid,  h\ 
combination  with  calcium  and  with  sodium.     He  found  in  the  asiifi 
between  1'7  and  3*4  p.c.  of  FePO*. 


(1^ 

(3) 

in  100  parts 

79*78 

80-45 

*t 

20-22 

19-55 

M 

0-797 

— 

w 

0-772 

— 

ij 

0-978 

0-87 

Sect.  6.    The  F^ces  in  Disease. 


Fscea  In 
Jaundice. 


rtlwaw  of 

the  pancreas, 


The  fsBces 
after  pnxsa- 
Uve  medicine 


» 


We  have  already  referred  to  the  fact  that  when  hile 
is  cut  oflF  from  the  intestine,  the  faeces  assume  a  cUy 
colour,  are  devoid  of  deiivatives  of  bilirubin  (hydrobilirubin),  exhale 
an  exceedingly  foetid  putrefactive  odour,  and  contain  a  large  quantity 
of  fat. 

*»  When  the  pancreatic  duct  is  occluded,  as  by  cancer 

of  the  head  of  the  pancreas,  the  stools  also  contain  a 
large  quantity  of  fat.  Cases  in  which  the  bile-duct  is 
not  at  the  same  time  pressed  upon  are  rare,  so  that  the  opportunity 
of  studying  the  effects  of  an  uncomplicated  occlusion  of  the  paocret^ 
tic  duct  seldom  occurs. 

Many  purgative  medicines  appear  to  act  merely 
increasing  intestinal  peristalsis.  If  the  rate  of  passage 
of  the  intestinal  contents  be  increased,  it  is  evident 
that  the  absorption  of  water,  and  other  constituents  capable  of 
being  absorbed,  wiil  be  diminished  and  that  the  fscces  will  assume  a 
much  less  solid  character  than  is  normal.  On  the  other  hand,  the 
saline  and  so-called  hydragogue  purgatives  appear  to  act  both  by 
increasing  peristaltic  action  and  by  augmenting  the  intestinal  secre- 
tion (Moreaii,  Vulpian,  Brunton,  Matthew  Hay);  the  saline  purgatives 
also  act  by  impeding  the  absorption  of  water  from  the  alimentary 
canal  (M.  Hay,  Rohmann'). 

In  the  case  of  many  purgative  substances  it  would  appear  that,  as 
in  diarrhcEa  due  to  specific  poisons,  the  intestinal  mucous  membrane 
is  irriUited,  an  excessive  amount  of  epithelium  is  thrown  off  and 
a  pathological  transudation  from  the  blood-vessels  occurs,  as  evi- 
denced by  the  albumin  which  the  liquid  dejecta  hold  in  solution. 

1  For  systematic  information  on  this  subject,  which  does  not  strictly  oome  vithiii 
the  scope  of  the  present  work,  consnll  Hamack,  LrhrbucH  der  Artv^mitUlUhre  vnd 
ArzneivorordmmgtiUhrf,  Hamburg  uud  Leipzig,  VerUg  von  Loop.  Voii,  1883,  see  pp.  4i 
— 45,  and  Brunton 'b  Phannacvloify,  Therapeutia  and  Materia  Mtdica.  The  following 
papers  should  be  referred  to  on  this  subject.  Radziojcwski,  *Zur  phjaiologlachefl 
Wirkung  der  AbfUhrmittel,'  Archiv  f.  Anat.  u.  Phyt.^  1870,  p.  1.  Lauder  Brunton, 
'On  the  action  of  purgative  medicinea,*  Die  Praclitiomr^  1874.  Dr  Matthew  Hay, 
Journal  o/ Anatomy  andPhytioloffyt  Vol.  xn,,  pp.  243  and  391. 
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C.  Schmidt  found  the  liquid  dejections  of  man,  after  administration 
of  infusions  of  senna,  to  nave  the  following  composition* : 

Water  in  1000  parts      969*75 
Solid  matters  30*25 

Albumin  1*64 

Other  organic  matters      2003 
Inorganic  salts  8*58 

The  analysis  of  the  mineral  constituents  made  by  this  eminent 
analyst  exhibit  clearly  enough  that  the  secretion  was  not  normal 
intestinal  juice,  the  solid  constituents  of  which,  as  we  have  shewn, 
contain  one-third  of  their  weight  of  sodium  carbonate. 

Schmidt  found  the  inorganic  salts,  referred  to  in  the  above  analysis, 
to  have  the  following  composition. 

K,SO, 0-667 

KCl 2G80 

NaCl  2*056 

Na,PO,    0*658 

Na,0  1-960 

Ca,(PO,).    0-325 

Mg.(POJ.  0-233 


Hsthod  of  In  examining  the  liquid  stools  passed  in  diarrhoea 

tt**iitaaijfiii  depending  upon  simple  intestinal  catarrh,  typhoid  fever, 
rtTnnnioi  ^^  cholera,  the  observer  should  not  merely  satisfy  him- 

aasoeUted  self  by  simple  inspection,  but  should  decant  the  stool 

with  dlarrlum.  into  a  tall  cylinder  and  examine  both  the  deposit  and 
the  supernatant  liquid.  "  In  all  cases  where  the  stools  have  to  be 
examined,  the  noisome  odour  may  he  reduced  to  a  minimum  by 
pouring  over  them  (whether  liquid  or  solid)  a  thin  layer  of  ether. 
After  the  sediment  has  been  deposited,  the  observer  can  form  at  a 
glance  an  approximate  estimate  of  the  amount  of  water,  blood, 
mucus,  and  solid  matters.  He  is  able  to  recognize  the  amount  and 
size  of  fibrinous  exudations  and  can  easily  obtain  the  dififerent  con- 
stituents of  the  faeces  for  microscupic  examination.  The  latter  by 
revealing  the  presence  of  pus  and  blood-corpuscles,  of  exuviated 
epithelia,  of  mucus  and  the  histological  elements  of  tumours,  permit 
of  an  approximate  conclusion  being  drawn  as  to  the  nature  and 
intensity  of  the  pathological  processes  going  on  in  the  intestine"." 
It  need  scarcely  be  adiled  that  at  the  present  time  a  bacteriological 
examination  of  the  fseces  in  disease  is  necessary  for  their  thorough 
scientific  investigation. 

*  C.  Schmidt,  *  Zar  Cbarakteriiitik  d.  epidem.  Cholera,  <!kc.'    Dorpat  n.  Mitan  [1850). 

"  Freely  tranBlated  from  Ewald — Die  LeJire  von  der  Verdauung,  EirUeitung  in  die 
Klinik  der  Verdxtuunggkrankheiten,  ZwQlf  VorUntngen gehnltfn,  vor  Aertttn  und alttren 
Studirenden,  im  Winursemetter  187S — 79.  von  Dr  C.  A.  Ewald.  Berlin,  Hirsohwald, 
leVil,  see  pp.  %  and  97. 


THB  FJ5CBB  IN  DISEASE. 


[bookh 


;he8  V 

unf-        ' 


Th«  Btooia  la  In  typhoid  fever,  the  dliarrhcea  probably  depcDfljj 
tjpbold  fever,  partly  on  ditniniabed  absorption  of  water  and  partly 
upon  the  transudations  which  result  from  the  inflammatory  process 
set  up  by  the  products  of  the  specific  organisms  which  are  the  cauM 
of  the  disease.  The  stools  may  contain  blood  and  necrotic  portinns 
of  the  mucous  membrane.  They  are  said  often  to  contain  ammouium 
carbonate  and  to  exhibit  under  the  microscope  crystals  of  ammoniaco- 
magnesium  phosphate.    According  to  Brieger,  they  contain  no  ska 

The  faeces  of  typhoid   fever  contain  the  characteristic  bacillus, 
hadlltts  iy]>hi^  first  accurately  described  by  GaflTkyV     The  researches 
of  Brieger'  shew  that  this  bacillus,  like  the  bacterium  colt  commune 
decomposes    sugar   with    the    production    of    lactic    acid.      Whilst 
however  this   latter  bacterium  yields  dextrogyrous  acid  (viz.  sar- 
colactic  acid),  the  bacillus  of  Gaflfky  yields  Iffivogyrous  paralactic      ' 
acid  (Biacbstein'),     lu  the  first  edition  of  this  book  three  isomeric 
lactic  acids  were  described,   viz.   ethylene-lactic  acid,  and   the  two 
ethylidene-lactic   acids,    to    wit,   the    optically   inactive   ethylidene- 
lactic  acid  or  lactic  acid  of  fermentation,  and  the  optically  active 
deictrogipvus  ethylidene-lactic  acid  or  sarcolactic  acid.     This,  which 
was  also  called  paralactic  acid,  may  now  with  convenience  be  called     I 
dextrogyrous  paralactic  acid.     In   1890,   Schardringer  succeeded  in 
obtaining  (as  a  result  of  the  fermentation  of  cane  sugar  by  a  bacillus, 
discovered  accidentally  in  water)  the  hitherto  unknown  laevogjTous 
ethylidene-lactic  acid,  which   forms  salts  which   are   dextrogyrous 
(sarcolactic  acid,  on  the  other  hand,  being  dextrogyrous  forms  l»- 
vogyrnus  salts).     So  far  as  is  at  present  known,  the  only  pathogenic 
organism    which    produces  Iftvogyrous    lactic   acid,  is  according  to 
Blachstein,  Gaffky's  Bacillxis  ti/phi.     From  cultures  of  the  bacilli  of 
typhoid  fever,  Brieger*  separated  a  poisonous  base,  to  which  he  as- 
signed the  name  typhotoscin  and  the  formula  QH^NO^     When  in- 
jected  into  guinea-pigs  and   mice,  typhotoxiu  produces  a  lethargic 
condition,  paralysis,  and  fatal  diarrhoea.     In  addition,  active  toxal- 
bumins  appear  to  be  produced  in  cultures  of  the  typhoid  bacilli^H 
(Brieger  and  Frankel).  ^| 

The  Btooia  In         In  Asiatic  cholera,  the  faeces  assume  the  character 
cholera.  ^f  ^^ie  so-called  '  rice-water  stools,'  Le.  they  present  the 

appearance  of  a  turbid,  tiocculent  liquid,  from  which  bile  is  absent, 
in  which  the  microscope  reveals  the  presence  of  a  large  amount  of 
epithelium  shed  by  the  intestinal  villi,  and  bacteriological  analysis 
the  presence  of  the  cholera  spirillum.     The  liquid  fseces  contain  venfl 

'  M.  Qa0ky,  Mittheilunyen  au»  dem  Kauerl.  QetwulhriUamU,  Vol.  n.,  quoted  1)J^ 

Blachat«in. 

"  Bri*fger,  Ueber  Ptomaine,  Th.  in.  (1880).  p.  81. 

*  Dr  Bl&chflt«in,  'Contribution  k  la  biologie  da  bacille  typhique*  (Trftvul  du 
labomt.  dc  M.  Nencki  i  I'lnntitut  Imperial  de  M^decioe  Ezp^hmentale).  Kuia.  1  and  i, 
Exttaite  dea  Archive*  d«$  Sciences  itinUyffiquft,  Vol.  i.,  St  Petersburg,  189*2. 

*  Briegtir,  *  Zur  EcnntnUs  der  Bildang  von  Ptomainen  und  Toxinen  daioh  patho* 
geoe  Bacterien,*  Sitiungsber.  d.  Bert.  Akad.  d.  Wisgemcha/t.  Jau.  I88a. 


AP.  Xn.]     THE  STOOLS  IN  CHOLERA,   DYSENTERY,  »&C. 


little  organic  solid  matter  and  a  considerable  proportion  of  salts. 
They  invariably  coutaiu  albumin.  They  exbale  a  semen-like  odour 
believed  to  be  due  to  pentamethylendiamin.  The  following  are  two 
analyses  of  cholera  stools  made  by  C.  Schmidt: 

(1)  (2) 

Water  in  1000  parts     98817  985-13 
Organic  matters               299  732 

Mineral  matters  8*84  7'56 

Recent   investigations  have  in   the  case  of  cholera  establishec 
certain  facta  which  possess  great  interest. 

Cholera  cultures  always  contain  indol  and  nitrites.  The  con- 
sequence of  this  admixture  is  that  when  dilute  sulphuric  acid  is 
added  to  them,  or  to  cholera  stools,  a  red  colouration  is  produced, 
which  is  due  to  the  sulphuric  acid  setting  free  the  nitrous  acid  of  the 
nitrites,  which  reacting  on  the  indol  present  forms  of  nitrate  of 
nitrfiso-iodol  (see  |^ge  423)'.  In  cholera  cultures,  Briefer*  has  found, 
in  addition  to  the  non-poisonous  pentatnethyleiidiiunin  and  tetra- 
methylendiamin,  the  highly  poisoaous  methyl-guanidin,  Brieger  and 
FraukeP  have  also  found  certain  toxalbumins  which  appear  to  belong 
to  the  class  of  globulins.  From  these  researches  it  appears  probable 
that  certain  of  the  gravest  symptoms  of  cholera  are  due  to  the 
actual  poisonous  Jictiou  induced  by  the  chemical  products  which  result 
from  the  action  of  the  cholera  bacillus  on  the  albuminous  matters. 

The  Btooii  In  dysentery,  the  stools  are  always  intensely  fcetid, 

in  dyaenterr.  sometimes  of  gangrenous  odour,  and  are  characterised 
by  the  presence  of  mucus,  streaked  or  stained  with  blood,  and  often 
contain  purulent  sloughs.  So  far  as  the  Author  knows,  the  bacterio- 
logical study  of  dysentery  and  an  examination  of  the  chemical 
products  of  the  pathogenic  organisms  which  cause  it,  have  not  yet 
been  made. 

The  stooifl  In  In  a  future  volume,  we  shall  have  to  study  at  length 

cyattnuria.  'cystine,'  a  remarkably  interesting  sulphur  derivative  of 

lactic  acid,  which  occurs  in  traces  in  the  healthy  organism,  but  which, 
in  certain  individuals,  is  excreted  in  the  urine  in  considerable  qiumti- 
ties  and  sometimes  forms  cystine  calculi.  Cystine  was  first  discovered 
as  a  constituent  of  a  very  rare  form  of  urinary  calculi  by  Wollaston. 
It  has  the  empirical  formula  CgH,,N,S,0,.  The  researches  of  E.  Bau- 
mann*  leave  no  doubt  that  cystine  is  a  ditliioamido-ajthylidene-lactic 
acid,  which  may  be  represented  by  the  subjoined  formula; 

Q/C{CH,)(NHJC00H 
^«\C(CH.)(NH,)COOH. 

'  E.  Salkowi^ki,  'Ueber  das  Cholerarot  und  das  Zustandekommen  der  Cbolcn- 
reaklion,'  Virchow'e  Archi\\  Vol,  ex.  (ltW7).  p.  3G0. 

"^  L.  Brieger,  *Zur  Kenntciss  d.  bilduog  von  Ptomalnen  und  Toxineu  durch  patho- 
gcne  Bakterien,'  Sitsungtber.  d,  Berl.  Akad,  <i,  Wisven.,  Jan.  1B89. 

'  L.  Brieger  and  C.  Frtinkel.  *  UntersuohangeQ  iilwr  Bacteriflngiftti,*  BerL  kUn, 
Wochemch.,  1890.  pp.  241—246  and  pp.  268—271. 

*  Banmann,  Zeittck.  /.  phytiol.  Chem.,  Vol.  viit.  (168S),  p.  300;  Vol.  xu.  (1868),  p. 
261;  Vol.  ITI.  (1892),  p.  552. 
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Id  individuals  sufTering  &om  the  cystine-diathesis,  the  quaotitr 
excreted  in  the  urine  is  comparatively  large,  as  much  as  one- 
fourth  of  all  the  sulphur  which  should  be  excreted  iu  the  oxidist^ 
C(mdition  passiug  out  of  the  system  as  cystine.  There  can  be 
doubt  that  this  depends  upon  au  abnormal  decomposition  of  tl 
proteids.  and  facts  render  it  probable  that  this  is  dependent  on  the 
intervention  of  abnormal  fermentations  in  the  alimentary  cauaL 
Neither  the  faeces  nor  the  urine  of  healthy  human  beings  conuiii 
any  trace  of  diamines  (so-called  ptomaines).  Baumann  and  Udranskyl 
as  well  as  Brieger  and  Stadthageu".  have  found  that  when  cystine 
occurs  in  the  urine,  both  the  freces  and  the  urine  contain  cadavehn. 
putrescin  and  another  diamine,  which  is  isomeric  with  penUimeth}len- 
diamine  or  cadaveriu  (perhaps  neuridin  or  saprin).  It  therefore  seema 
very  probable  that  the  cystine  diathesis  depends  upon  an  abnormal 
ferment  process,  having  its  seat  in  the  intestine  and  due  to  yet 
uuknown  micro-organisms. 


Sect.  7.    The  Gases  of  the  Large  Intestine 


The  large,  like  the  small  intestines,  are  always  more  or  h 
distended  by  a  mixture  of  gases  which,  in  part,  have  diffused  out  of  tl 
blood,  but  in  part  are  the  products  of  the  action  of  raicro-organisms 
on  carbohydrates  and  to  a  less  extent  on  proteids.  The  evolution  of 
gases  is,  however,  in  the  normal  condition,  a  very  limited  one.  An 
analysis  of  the  gases  obtained  from  the  rectum  shews  them  to  be 
composed  of  a  mixture  of  carbonic  acid,  marsh  gas,  nitrogen,  and 
hydrogen.  In  the  strictly  normal  condition  of  digestion,  unless 
substances  are  consumed  in  considerable  quantities  which  either 
contain  free  sulphur,  or  easily  decomposed  sulphur  compounds,  tb^H 


gases  of  the  large  intestine  contain  no  sulphuretted  hydrogen. 


Orlfln  of  tUa 
Individual 
gases  found  In 
the  mixed  gaaea 
of  the  colon. 


The  CO,  is  in  part  derived  from  the  blood,  in  pan 
the  product  of  the  bacterial  decomposition  of  the  carbo- 
hydrates and  proteids.  The  H  is  a  product,  as  we  have 
alrcEidy  shcwu,  of  the  action  of  various  bacteria  on 
BUgarb",  iu  part  it  is  produced  during  the  putrefaction 
albuminous  bodies. 

The  methane  (CH4)  is  the  product  both  of  the  fermentation 
carbohydrates  and  proteids  (Kunkel)*.    It  is  formed  in  large  quantities 


}n 


^  E.  Baumann  and  L.  v.  Udransky,  'tJeber  dbs  Vorkommen  von  Diuninen, 
nannten  Ptomainen,  bei  Oystinurie,'  ZeiUch.  f.  phyt.   Chem,,  Vol.  xiii.  (1889), 
562—504. 

>  L.  Brieger  and  M.  Btadthaffen,  'Ucber  Cyfitinune  nebst  Bemerknngen  dber 
Fall  von  morbaa  maculoaus  Werlhofii,'  Berliner  kl.  Woehetueh.,  1889,  no.  16, 
Maly's  Jahrefbrrkht,  1890,  p.  453. 

'  The  abundant  evolution  of  H  and  CO.  daring  the  butyrio  fermentation  is  well 
known;  Boe  Victor  Pasohutin,  'Einige  Veraaoneilberdie  battersaure  Oahrung/Pdil^^'i 
Arehiv,  Vol.  vni.  0873).  p.  352. 

*  Kunkd,  *  Dehor  die  bei  dci  P&ncrcosvQrdauong  aoftretenden  Oue**  abatrected  in 
lftu[yfi  Jahretber.,  Vol.  iv.  1W1&V  VP•^^^--^'^'^• 
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by  tbe  bacterial  decomposition  of  cellulose  (Hoppe-Seyler\  Tappeiner', 
Henneberg  and  Stohmann'.) 

The  nitrogea  is  in  part  doubtless  a  diffusate  from  the  blood,  but 
is  certainly  in  part  derived  from  the  bacterial  decomposition  of  the 
proteids  (Hufner*.  Kunkel^) 

The  following  are  the  results  of  analyses  of  the  gases  of  the 
human  colon,  made  by  Ruge. 

Hesuite  of  Analysis  of  Uus  Gases  of  the  Large  InUstine  qf  Man. 
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Sect.  8.    Intestinal  Concretions'. 

In  addition  to  gall  stones,  which  are  very  frequently  excreted 
with  the  fieces  j^cr  anum,  or  which,  remaining  impacted  in  the  small 

j  intestine  occasionally  are  the  cause  of  fatal  intestinal  obstruction, 
intestinal  calculi  are  sometimes  met  with  in  the  colon  of  certain  of 
tbe  lower  animals,  and  much  more  rarely  of  man.  In  man,  these 
calculi  are  usually  very  small,  having  a  diameter  of  0*2 — 1  mm. 
{intestinal  gravel),  but  occasionally,  though  rarely,  they  attain  the 
size  of  a  hazel  nut.  Intestinal  concretions  are  comparatively  frequent 
io  Scotland,  owing  to  the  large  use  made  of  oatmeal  porridge  as  an 

'  article  of  diet.  Such  calculi  present  the  appearance  of  brown  balls 
and  resemble,  in  structure  and  composition,  calculi  which  are  very 

1  Hoppe-Seyler,  'Ueber  Uahrong  der  CelluloBe  and  Bildnng  vod  Methan  and 
KoblensBure.'  XeiUch.f.  phye.  Chemie,  Vol.  i.  (1886),  p.  201  et  neq.  aod  pp.  401 — 440. 

=  H.  TftppGiuoT,  '  UntefBuchnngen  iiber  die  Gtihrung  der  OeUulo&e  insbcsondere  iiber 
dereo  Lusting  im  Darmcanal,'  Zeittch.f.  Biol,y  Vol.  xx.  (1884),  pp.  62 — 134. 

*  Henneberg  and  Stohmann.  'tTeber  die  Bedentung  der  Cellulosegdhmng  for  die 
Ernahrung  der  Thiero.'  ZeiUch.  f.  Biol.,  Vol.  xxi.  (1885),  pp.  613—624. 

*  Hufner,  'Uet>er  ungeformte  Fermente  and  ihre  Wirknngen  Ac.,'  Joum.  /.  prakt. 
Ckemit,  Vol.  x.  (1874),  p.  1.    Maly's  Jahnther,,  Vol  iv.  (ItiTo),  pp.  262—274. 

^  Kankel,  see  Note  4  on  preceding  page. 

*  Roge,  SittungnhcT.  d.  Wien.  Akad.  d.  WU».,  Vol.  xmv.  (1862),  p.  734. 
^  In  preparing  this  Mction  tbe  Author  has  made  oie  of  tbe  account  given  under 

the  heading  '  Darmconcr«mente  *  at  page  174  of  Profefuor  Karl  B.  Hofmann's  Lehrbuch 
der  Zoochfvne^  Wien,  1879,  as  well  as  of  tbe  information  contained  in  Hoppe-Seyler's 
PhtftiotoQinche  CfumU,  ander  the  heading  *DarmcoDcremente'  (see  p.  356  et  ««i.\. 
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frequently  met  with  in  millers*  horses  and  which,  in  the  latter,  often 
attain  an  enormous  size. 

Intestinal  concretions  in  man  have  often  been  found  to  contaio 
some  foreign  body  as  a  nucleus,  as  for  example  a  fruit  stone,  fiorae- 
times  fragments  of  bone,  of  iron,  or  horUi  which  have  been  acci- 
dentally swallowed  (Hoppe-Seyler),  The  mineral  salts  which  form 
the  greater  part  of,  or  which  occur  as  an  incrustation  around,  io- 
testinal  calculi  are  composed  either  of  pure  crystalline  ammoDiaco- 
magnesium  phosphate,  or  of  this  salt  mixed  with  varying  quantities 
of  magnesium  phosphate. 

In  certain  intestinal  concretions  of  the  horse,  the  amount  of 
triple  phosphate  has  been  found  to  vary  between  83"2  and  98*3  per 
cent.,  and  silica  has  been  found  to  the  amount  of  o'2  per  cent. 

In  certain  animals,  as  the  pig^  the  ox,  the  goat  aod 
the  chamois,  intestinal  concretions  are  met  with,  whidi 
are  composed  entirely  of  felteii  hairs  ami  which  take  their  origin  in 
the  habit  of  these  animals  to  lick  their  own  coats  or  those  of  their 
associates. 

Oriental  Oriental  bezoars  are  intestinal  concretions  probably 

b«o»r«.*  derived   from   Capfa   cegagrm  and  Antelope   dorias; 

they  are  for  the  most  part  spherical  or  oval,  possess  a  dark  ohve- 

green  colour,  and  have  a  smooth,  waxy,  shining  exterior.     They  vary 

greatly  in  size.     When  heated,  true  bezoars  evolve  aromatic  fumes. 

True  bezoars  are  composed  almost  entirely  of  an 
acid  called  lithofellic  acid  which  was  first  investigatod 
by  Ettling  and  Will  and  to  which  they  assigned  the 
formula  ( ■aoHMO^.  Lithofellic  acid  is  extracted  from 
bezoars  by  powdering  and  treating  with  boiling  alcohol 
evaporating  the   alcoholic   solution,   the   latter   deposits  small 
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colourless  crystals  which  are  either  pointed  rhombohedra  or  three 
sided    prisms.      Litliofcdic    acid    Ls   iuHohible   in    water,   and    very     ' 
spariugly  soluble  in  ether.     It  is  soluble  in  glacial  acetic  acid  which 
deposits  it  in  a  crystalline  condition  on  evaporation,     Lithofellic  acid     i 
is,  according  to  Hoppe-Seyler,  closely  related  to  cholalic  acid.  ^H 

The  green  colour  of  bezoars  is  due  to  biliverdin;  these  mysterioi^^ 
concretions  contain  other  derivatives  of  bilirubin  (Hoppe-Seyler). 

False  Be-  Intestinal  concretions^  also  called  bezoars,  come  from 

*^"'  ?4^°     the  east,  which  are  of  a  brownish  black  colour,  which  do 
'*  "  **       not  melt,   and   which   are   composed   of   ellagic  acid 
(CuH, A  +  2HaO),  a   derivative 
in  oak  bark.     W^hen  pure,  it  is 

under  the  microscope,  is  seen  to  be  composed  of  yellow  prisms  oc- 
curring singly  or  in  groups.  It  is  soluble  in  boiling  alcohol.  Ferric 
chloride  produces  a  deep  blue  precipitate.  The  ellagic  acid  of 
bezoars  is  doubtless  derived  from  the  tannin  contained  in  the  food 
consumed  by  the  animals  which  yield  them. 


of  tannin.     Ellagic  acid   is  found 
a  3'ellow  crystalline  powder  which, 
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CHAPTER  XIIL 

CONCERNING  THE  MODIFICATIONS  OBSERVED  IN  THE 
CHEMICAL  PROCESSES  OF  DIGESTION  IN  SOME  DIVI- 
SIONS OF  THE  ANIMAL  KINGDOM. 

The  researches  which  have  of  recent  years  been  made  by  such 
distinguished  observers  as  the  lamented  Professor  Krukenberg.  Pro- 
fessor Metschnikoff  and  others,  on  the  process  of  digestion  throtighout 
the  animal  kingdom  have  been  so  numerous  and  so  specialised  that 
it  would  be  hopeless  to  give  their  results  in  detail  witfiout  unduly 
extending  the  limits  of  this  work.  The  following  brief  notes  may, 
however,  prove  useful  to  the  student  of  comparative  physiology. 


Sect.  1.    The  Intra-cellular  Digestion-  of  the  Lower 

Invertebrata. 

In  certain  elementary  animal  forms,  each  particle  of  their  structure 
the  same  nutritive  endowments  as  its  fellows,  and  there  is 
no  diflFerentiation  of  cells  set  apurt  to  discharge  those  chemical 
functions  which  we  term  digestive,  and  which  consist  essentially  in 
the  secretion  of  a  juice  or  juices,  whose  function  it  is  to  render  the 
food  constituents  soluble  and  diffusible,  so  that  these  can  make  their 
way  into  the  interior  of  the  organism  and  replace  the  matter  which 
the  latter  is  ceaselessly  losing.  In  the  lower  organisms  to  which  we 
refer,  digestion  is  said  to  be  ivtra-cellidar. 

The  simplest  and,  in  many  respects,  the  most  t3rpical  example  of 
intra-cellular  digestion  is  that  presented  by  certain  Rliizopoda,  which 
consist  essentially  of  a  mass  of  living  contractile,  somewhat  granular, 
protoplasm  with  a  nucleus.  The  earlierknowledgeof  the  phenomena 
associated  with  the  ingestion  and  digestion  of  food  by  these  unicellular 
organisms  rests  on  the  observations  of  Dujardin,  Kolliker,  Carter, 
Haeckel,  De  Bary  and  others,  whilst  we  owe  the  most  recent,  com- 
plete, and  interesting  facts  relating  to  these  processes,  as  they  can  be 
observed  in  Amcsbd  proteus  and  Actinosph^riam,  to  the  investiga- 
tions of  Miss  Greenwood*,  to  some  of  whose  results  the  attention  of 

1  M.  Greenwood,  '  On  the  Digestive  Process  in  some  Rhizopods,^  (From  tbe  Physio* 
logical  Laboratorj',  Cftmbridge),  Journal  of  Phijuiofogy,  Vol.  vii.  (IBSa — 1886),  pp.  253 
— 273.  Besides  recording  tbe  reeiiltg  of  her  own  observation,  Miss  Greenwood  b&s  in 
thii  paper  given  au  aocoont  of  tbe  earlier  literature  of  the  subject. 
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the  reader  will  now  be  drawo.  When  an  AmcBba  is  observed  in 
active  movement,  it  is  seen  to  be  progressing  in  one  direction.  "» 
that  a  fairly  constant  hind  end  may  bo  distrngnishedf  and  ia  thii 
organism  it  is  the  hind  end  which  most  actively  ingests.  The 
ectosarc  is  drawn  like  a  funnel  round  the  prey,  and  the  opening 
which  corresponds  to  the  mouth  of  the  funnel  is  ex-centrically  clo6e<L 
In  the  case  of  quiesceat  solid  matt-er.  such  as  starch  grains  or  Torul*, 
but  little  duid  is  included  ;  when,  however,  an  actively  moving  prey 
is  dealt  with,  an  area  of  water  not  inconsiderable  surrouads  it.  The 
ectosarc  of  two  enclosing  pseudopodia  first  fuses  distally  of  the 
object  and  leaves  a  space  in  which  movement  goes  on — a  space  onW 
gradually  reduced,  and  never  done  away  with  by  complete  inclusioa.' 
Some  of  the  lateral  pseudopodia  of  Amoeba  proteus  may  exercise 
prehensile  function,  but  ingestion  at  the  most  anterior  and  most 
actively  moving  part  never  occurs.  The  length  of  time  occupied  tv 
this  act  of  ingestion  varies  greatly  in  different  protozoa,  but  in 
Amoeba  is  comparatively  short  though  variable.  '  Contact  may  be 
established  and  broken  many  times  with  no  result,  but  det^rminaif 
ingestion  ia  a  matter  of  minutes  rather  than  hours.'  In  studying  the 
digestive  processes  of  the  Amceba  and  Actiuosphffirium,  Miss  Green- 
wood supplied  the  creatures  mth  various  kinds  of  solid  particles,  viz. 
with  (a)  starch  grains  and  cellulose;  {b)  fat  globules  (milk);  (f) 
organisms  in  which  a  protoplasmic  body  is  surrounded  by  a  cellulose 
wall ;  {d)  unshielded  proteid  chiefly  iu  the  form  of  small  animals 
without  tests ;  (e)  presumedly  inuutritious  matter,  such  as  litmui 
Of  these  substances,  the  following  appeared  useless  to  the  Amoeba 
for  purposes  of  nutrition :  the  fat,  the  pure  carbohydrates  and  tho 
litmus.  If  we  take,  as  an  example  of  these,  starch  grains,  we  tind 
that  after  a  stay  of  some  days  they  are  ejected  unaltered  iu  form,  in 
size,  and  in  their  reaction  towards  iodine.  It  was  mentioned  that 
when  solid  bodies  are  ingested  by  an  Amceba,  after  their  enclosure  a 
space  (vacuole)  containing  some  water  is  seen  surrounding  theni. 
If  the  body  be  one  which  the  creature  cannot  digest,  this  water  soon 
disappear,  and  is  not  replaced  by  any  newly  secreted  liquid,  i.e.  the 
vacuole  ceases  to  exist.  When,  however,  either  naked  or  'shielded* 
protoplasmic  food  is  ingested  by  the  Amteba,  its  presence  seems  U) 
act  as  a  stimulus  to  the  secretion  of  a  liquid  which  surrounds  the 
matter  to  be  acted  upon,  which  may  then  be  said  to  occupy  'ft 
vacuole  of  digestion.' 

That  the  liquid  which  is  poured  out  into  a  digestive  vacuole 
uflt  actually  exert  a  chemical   action   upon  protoplasmic   bodies 
ight  be  held  to  be  proved  by  the  fact  that  the  latter  may 
actually  seen   to  disintegrate   as  it  surrounds  them.     A  conclusi 
roof  is,  however,  atforded  by  the  digestion  of  organisms 
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cellulose  wall;  the  latter  is  neither  dissolved  nor  perforated,  ao^ 
yet  its  contents  are  digested,  a  result  which  is  only  explicable  on 
supposition  that  an  active  digestive  liquid  has  been  able  t-o  diifi 
through  the  cellular  wall  and  then  exert  its  solvent  action. 
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EngelmaQn  believed  that  he  had  obtained  evidence  that  an  acid 
reaction  is  developed  in  Infusoria  and  some  species  of  Anioebi» 
during  digestive  activity,  and  Meissner  and  Favre-Domergue  are 
said  by  Neumeister  to  have  obtained  similar  results*.  On  the  other 
hand  Miss  Greenwood  was  unable  by  means  of  methyl-violet  and 
tropseolin,  to  determine  the  presence  of  an  acid  reaction  either  ia 
Amceba  or  in  Actinosphseriura. 

The  observations  of  Metschnikoff '  on  the  power  possessed  by  the 
colourless  corpuscles  of  the  blood  to  seize  and  disintegrate  bacteria 
and  on  which  he  founded  his  view  of  their  function  as  phagocytes 
bear  the  closest  resemblance  to  those  which  we  have  been  discussing. 
Without  further  dwelling  upon  these,  however,  attention  must  be 
drawn  to  the  fact  that  Metschnikoff,  Ray  Laukester^  and  other 
reliable  observers  ascribe  powers  of  intra-cellular  digestion  to  the 
endoderm  and  mesoderm  cells  of  some  comparatively  highly  ditferen* 
tiated  organisms,  provided  with  an  alimentary  canal*. 

It  appears  to  be  a  general  law  that  a  specialised  digestive 
mechanism,  associated  with  the  secretion  of  specific  digestive 
enzymes,  is  possessed  by  no  parasitic  creature  inhabiting  the  alimen- 
tary canal  of  its  host — a  law  of  which  examples  are  furnished 
amongst  Protozoa  by  the  Gregarina;  and  amongst  Vermes  by  many 
Cestodes  and  by  the  Acanthocephali. 

*' Complete  degeneration  of  the  gut  ia  clearly  due  to  ndaptatious  to 
definite  modes  of  life,  in  which  the  food  paaaea  through  the  integument  by 
«udo»mosis.  This  pbeuomenou^  brought  about  by  parasitism,  attains  its 
highest  developement  in  the  sporocyst  forms  of  the  Nematodo.  Filially 
the  absence  of  au  enteric  canal  ia  the  rule  among  the  Cestoda,  where  the 
enteroii  in  not  present  for  a  time  even.  The  enteron  is  altogetlier  wanting 
in  the  Acanthocephali,  and  for  the  same  reason — namely,  parasitism."^ 

That  these  parasites  possess  an  inter-cellular  digestion  seems  to 
be  proved  by  their  storing  glycogen  (M.  Foster)  which  they  probably 
produce  at  the  expense  of  the  sugar  and  the  soluble  proteids  which 
they  derive  from  their  hosta. 

If  we   exclude   Rhizopoda,  Gregariuse   and   Infusoria,   all   dou- 


^  M.  Meissner,  'Beitrage  znr  ErnfLhrnngsphysiologie  der  Protozoen/  ZeiUck.  /. 
U$eMch,  Zoologif,  Vol.  xLvr.  (1888),  p.  498  and  Farre-DonierKae  {Annale$  de$  Scitncet 
NaturelUs,  Zoolot^U,  IB88,  p.  liO),  qaoted  by  KcumciHter  {Lehrbuck,  etc.  p.  115). 

3  £Uaa  MetsciiDikoQ,  'Ueber  die  BeEiebuDg  der  Phu^ocyten  zu  Milzbrandbacilleo,* 
Virchow'fl  Archiv,  Vol.  xcvn.  (1884),  pp.  502 — 526. 

*  Ray  Lankeattir,  Quarterly  Joum,  of  Micr.  Scienctt  Vol.  xxi.  p.  123.  The  Aatbor 
has  not  oeen  able  to  verify  the  qaotation. 

*  Thas  Metscbnikoff  asserts  that  the  cells  of  the  endoderm  of  Metottomum  and  those 
of  the  mesoderm  of  Sytuipta  posaesA  iDgentive  and  digestive  power,  see  M.  Greenwood, 
op.  cit.  p.  257  and  MctscbaikoflT,  '  Ceber  die  Verdauaogsorg&ne  einiger  SiiBswasaer- 
turbellarien/  Zool.  Ameiticr,  1878,  p.  387  and  *  Untersaohnngen  ilber  die  intracallulare 
Verdaaang  bei  wirb«Uosen  Tbieren.'  Arbeit  d,  zoolog.  Irut.  in  IFi«n,  Vol.  v.  (1888), 
Heft  2. 

'  Carl   Gegenbaar,    EUnuntj   of  Comparative  Anatomy,   translated    by    Professor 

F.  Jeffrey  Bell,  M.A.     The  traualation  reviuud  and   a   prt^face  written  by  Professor 

G.  nay  Lankeet^r,  M.A..  F.R.S.    London,  Maomtllan  and  Co.,  1878.     Refer  to  pages 
158  and  159. 
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parasitic  animals  belonging  to  the  sub-kingdoms  above  Protozoa 
possess  a  differentiated  digestive  function,  and,  with  few  exceptioos, 
have  been  found  to  form  digestive  enzymes. 

According  to  Krukeiiberg*,  the  Hydro-medusae  and  the  sea- 
Anemones,  although  possessed  of  differentiated  alimentary  apparatus, 
form  no  secretion  possessed  of  digestive  properties.  The  extem&l 
slimy  secretion  of  certain  of  these  creatures  in  some  cases  possesses 
active  irritating  properties,  and  appears  to  subserve  defensive  purposes. 
but  is  destitute  of  digestive  enzymes. 


Sect  2,    The  function  of  the  so-called 
mollusca. 


Liver 


The  function  In  connection  with  the  mid-gut  of  the  Mollusca  thi 

ofthe'mid-init  is  developed,  by  the  sacculation  of  the  endoderm,  s' 
gland'  or  liver  lobulated  glandular  organ,  which  opens  into  the  enteroD. 
0  o  uaca,  rpj^^g  organ,  which  has  usually  been  termed  by  compa- 
rative anatomists  the  liver  (sometimes  the  '  hepato-pancreas  *),  and 
which  appears  to  be  the  morphological  horaologue  of  the  organ 
bearing  that  name  in  Vertebrata,  discharges  functions  which  arc 
altogether  unlike  those  of  the  liver.  It  is  destitute  of  either  of  the 
specific  products — bile-colouring  matters  and  bile-acids — w^hich  are 
characteristic  of  the  secretory  activity  of  the  hepatic  cells ;  but  coa^i 
tains  several  enzymes  which  confer  upon  it  powers  of  digesting  t]|^| 
various  groups  of  alimentary  principles.  ^^ 

From  the  researches  of  Krukenberg'  it  results  that  this  glaad 
secretes  a  diastatic,  a  fat-splitting  and  either  a  pepsin-like  or  a 
trypsin-like  enzyme.  In  some  molluscs  as  in  Helix  ])omatia,  which 
possess  an  acid  intestinal  digestion,  the  mid-gut  gland  forms  a  ferment 
like  pepsin  but  secretes  no  trypsin,  whilst  in  other  molluscs  no  pepsin 
is  present,  but  trypsin.  A.  B,  Griffiths"  has  compared  the  secretion  of 
the  'liver '  of  Cephalopoda  with  tliat  of  the  pancreas,  and  has  obtained 
results  which  prove  the  identity  of  function  in  so  far  as  the  creatures  be 
investigated  were  concerned.  In  Cephalopoda  the  secretion  is  alka- 
line, converts  starch  into  sugar,  emulsifies  fats,  and  dissolves  proteiJs. 
Though  not  discharging  the  functions  of  the  liver  as  a  bile- 
secreting  gland,  it  is  conceivable  that  the  mid-gut  gland  of  Mollusca 
might  fulfil  another  function  which  the  liver  of  vertebrates  pos- 
sesses— that  of  a  atorer  of  reserve  material,  of  a  former  and  hoarder 
of  glycogen.  The  painstaking  researches  of  Levy*  have  shown,  how- 
ever,  that  althougn  glycogen  is  a  constituent  of  the  gland,  it  is 

^  C.  Fr.  W,  Krukenberg,  GrundzUge  eitur  v^rglMckenden  Phy»iologie  der  KerdottWif* 
Heidelberg  (Carl  Winter),  1882. 

'  Krukenbertz,  GrundzUge,  etc.  pp.  59  and  61. 

3  A.  B.  GriflitliH,  ' Cliemiachph>'siologtfiche  UnterBQchangen  ilber  die  Cephalodes* 
Leber  und  ibre  Ideutitat  rait  uiuem  wahreu  PauJueas,'  Ber.  d.  deutJtch.  chem.  GeMtUscK 
Vol.  xvm.  (18651,  p.  294.  This  is  a  abort  abstract  of  the  origm&l  paper  in  the 
Chfmical  Neia,  Vol.  li.  p.  160.  wbich  the  Author  has  not  bad  aooess  to. 

•*  Max  Levy,  'Zoochemiacbe  UDtersuchiiDK^n  der  Mitt«ldarmdr&M  Ton  Hclii 
pomatia,'  ZeiUch.  /.  Biologic,  Vol.  isv.  (1890),  p.  410. 
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present  in  smaller  proportion  than  in  the  other  organs.  He  disco- 
vered, however,  a  very  small  quantity  of  'siuistrin,'  a  dextrin-like 
carbohydrate  first  described  by  Sclimiedeberg*  as  present  iu  the 
bulb  of  squill  {Urginea  scilla),  which  does  not  yield  a  sugar  when 
digested  with  diastase,  but  when  boiled  with  dilute  sulphuric  acid 
yields  laevulose  and  an  inactive  3ugan 

Sect.  3.    Some  pkculiabities  of  the  Digestive  Process 

IN  Fishes. 

In  fishes,  the  salivary  glands  are  either  absent  or  rudimentary, 
though  Krukenberg  found'  that  the  buccal  mucous  membrane  of  the 
carp  and  of  Lophius  piscaUnnus  secreted  a  fluid  possessed  of  diaatatic 
activity.  The  stomach  secretes  a  very  active  gastric  juice  which  was 
supposed  (like  that  of  the  frog)  to  contain  a  pepsin  somewhat  differing 
from  that  of  warm-blooded  animals,  in  that  it  possessed  digestive 
activity  at  a  temperature  of  0°  C."  The  experiments  of  Krukenberg 
and  of  Max.  Flaum*  have  shewn,  however,  that  the  ability  to  etfect 
proteolysis  at  0"  C.  is  connected  with  the  presence  of  a  large  quantity 
of  pepsin,  and  does  not  imply  a'  difference  between  the  pepsin  of 
warm-  and  cold-blooded  animals. 

The  striking  pecuharity  of  a  large  number  of  fishes  is  the  absence 
of  a  definite  pancreas ;  iu  many  of  these  there  exist,  however,  the 
so-called  appendices  pyloricce,  cajcal  tubes  connected  with  the  pyloric 
portion  of  the  mid-gut,  obviously  the  homologues  of  the  mid-gut 
gland  of  Mollusca,  and  discharging  the  same  function,  and  in  some 
fishes  so  held  together  by  connective  tissue  and  united  at  a  common 
efferent  duct  as  to  have  the  appearance  of  a  compact  gland*.  There 
axe  fishes,  however,  in  which  both  pancreas  and  appendices  pyloi^c^  are 
absent ;  in  these  cases  the  mucous  membrane  of  the  mid-gut  secretes  a 
juice  which  is  possessed  of  diastatic  aud  proteolytic  (trypsin)  activities*. 


Sect.  4.    Some  peculiarities  of  the  Digestion  of  Birds. 

"  In  the  fore-gut  of  Birds  there  is  a  great  divisiou  of  labour.  The 
influence  of  adaptation  to  the  mode  of  life,  and  more  especially  to  the 
mode  of  nutrition,  is  most  clearly  shewn  by  the  variatious  in  the 
diflFeront  arrangements.  The  cesophagus,  which  is  of  the  same  length 
as  the  neck,  is  either  of  equal  calibre  along  its  whole  course,  or  is 

'  0.  Schmiedeberg,  *Ueb©r  exo  neues  Kohleohydrat/  Zeittch,  /.  phy$.  Chem. 
Vol.  III.  pp.  112—133. 

'  Krakenberg,  op.  cit.  p.  67. 

*  Pick  and  MuriKier,  *  Ueber  don  Magenfennent  kaltblutiger  Thiere,'  Arb.  a.  d. 
phyiicl.  Lab.  d.  Wflrzhur^er  Hochichute,  1872.  p.  181. 

'*  Maximilian  Flaum,  'Ueber  den  Binlluss  niedriger  Temperfttuxeu  auf  die  Fudo- 
iionen  de«  Magena'  (Aub  d.  physiolog.  lust.  d.  UniTersitat  Bern),  Zeittch.  /.  BiologU^ 
1893,  pp.  433—449. 

*  Gegenbaor,  op.  cit.  p.  560. 

'  Ralph  Blanchard,  *  Sur  lee  foQcttoas  d«e  appeudioea  pyloriqoea,*  CompU$  iZmdiu, 
Vol.  xcTi.  (1883),  p.  1241. 
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provided  ^vith  a  widened  portion,  or  with  a  csecal  diverticulum, 
which  looks  like  an  appendage.  Portions  of  this  kind,  which  are 
characterised  by  modifications  of  the  glandular  organs  of  the  mucous 
membrane,  form  a  crop  {itif^luvies).  This  is  best  developed  in  carni- 
vorous and  graminivorous  birds ;  in  the  former,  indeed,  it  generally 
forms  a  spindle-shaped  enlargement,  while  in  the  latter  it  forms  a 
unilateral  diverticulum,  which  is  differentiated  into  a  csecal  appendagi 
in  many  provided  with  a  narrow  connecting  piece." 

"  The  next  portion  of  the  cesophagus,  wnich  is  generally  narro 
passes  into  the  stomach,  in  which  two  divisions  can  be  made  out; 
the  first  is  known  as  the  proveutnculua^ ;  its  walla  are  generally  thick- 
ened by  a  glandular  layer.     The  second  is  characterised  by  the  great 
development  of  its  muscular  layer,  the  strength  of  which  varies  with 
the  mode  of  life  of  tbo  animal.   Where  it  is  greatly  developed  we  may 
observe  a  tendinous  disc  on  either  side.     In  the  Raptores,  as  also  in 
many  Natatores  that  live  on  animal  food,  the  muscular  layer  ia  feebly 
developed.     It  is  very  strong  in  the  graminivorous  forma  (Gallin», 
AnatiniBj  Columbie,  Passeres).     This  portion,  which  serves  for  tbe 
comminution  of  food,  and  compensjites  for  the  absence  of  masticatoij   ■ 
organs,  may  be  provided  with  other  arrangements  also  which  serve  lia^M 
same  purpose ;  its  inner  surface  may  be  covered  by  a  firm  homy  layi^^ 
which  is  often  of  considerable  thickness,  and  functions  as  a  radulaV 

Full  of  interest  as  are  the  processes  of  digestion  in  birds,  ow 
knowledge  of  them  is  derived  almost  entirely  from  the  writings  of 
the  great  naturalists  of  the  past,  and  is  in  veiy  few  particuLirs 
dependent  on  the  researches  of  the  moderns.  It  is  to  Borelli,  Redi, 
Spallanzani,  R<5aumur  and  John  Hunter  that  we  are  mainly  indeht^d 
for  it.  ^g 

Thoftmction  This  diverticulum  of  the  oesophagus  exists  in  nIH 

or  the  *ingiu-  most  perfectly-developed  form  in  graminivorous  birds. 
Ties.'  or  'crop.*  The  grain  and  other  food  which  these  birds  swalloff 
first  enters  the  crop,  which  becomes  distended  with  it,  and  which 
secretes  a  fluid  which  moistens  its  contents.  According  to  Tiedemann 
and  Gmelin,  the  contents  of  the  crop  often  present  au  acid  reaction. 

So  far  as  the  Author  is  aware,  uo  modern  investigation  has  been 
made  with  the  object  of  determining  the  precise  chemical  characters 
of  the  liquid  secretion  of  the  crop,  and  specifically  to  ascertain 
whether  it  contains  any  digestive  enzymes.  The  sojourn  of  food  in 
it  is  a  long  one,  though  it  varies  within  wide  limita  Tiedemann  and 
Gmelin  noticed  that  grains  swallowed  by  a  ben  remained  in  the 
crop  as  long  as  twelve  or  thirteen  hours,  and  Colin  found  oats  in  th6 
crop  of  a  turkey  eighteen  and  twenty  hours  after  they  had  beeu  swal- 
lowed.   According  to  the  latter  author,  a  fowl  weighing  500  or  600 

Igrms.  requires  from  four  to  six  hours  before  10  grms.  of  grains  have 

'  passed  out  of  the  crop. 

1  Deaignfttcd  often  'ventricolns  sucoentariatas.' 

'  Gegenbaur,  Comparative  Anatomy,  pp.  657  And  558. 
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In  the  absence  of  specific  information  on  this  point,  it  ia  impos- 
ubie  to  slate  definitely  whether  the  liquid  secretea  by  the  crop  sub- 
>erves  other  than  purely  mechanical  functions.  In  any  case,  it  cannot 
E>e  doubted  that  the  latter  are  of  the  p^reatest  impfirtancc.  The 
[act  that  grains  of  wheat,  oats,  or  barley,  which  have  sojourned 
in  the  crop  are  not  usually  softened,  renders  it  improbable  that  they 
there  undergo  any  great  chemical  change,  On  the  other  hand,  there 
can  be  no  doubt  that,  as  was  appreciated  by  Spallanzani,  the  crop 
&cts  as  a  kind  of  '  hopper/  only  allowing  grain  to  pass  into  the  pro- 
veniriculus  little  by  little,  as  the  contents  of  the  latter  (grains  and 
gastric  juice)  are  admitted  into  the  powerful  corn-mill — the  gizzard 
— where  they  are  pounded  together  and  converted  into  a  liquid  paste 
which  is  passed  on  to  the  small  intestines. 

Before  passing  from  this  subject,  attention  must  be  drawn  to  the 
well-known  fact,  studied  in  a  special  manner  by  John  Hunter*  and 
Duvenioy^but  de8er\'ing  of  a  histological  and  chemical  research  con- 
ducted from  the  stand-point  of  our  present  knowledge,  viz.  that  in  the 
pigeoD,  and  doubtless  other  bii-ds,  the  crop  undergoes  a  change  both  in 
the  male  and  female  bird,  during  the  incubation  of  the  young,  and  for 
some  weeks  afterwards.  Its  mucous  membrane  becomes  very  vascular 
and  hypertrophied,  presenting  marked  folds  and  wrinkles,  A  milky 
liquid  is  poured  out  from  the  open  mouths  of  the  glands  and  accu- 
mulates in  the  cavity  of  the  crop.  It  is  said  that  this  milky  hquid 
can  be  regurgitated,  and  serves  as  the  sole  food  of  the  young  pigeons 
during  the  first  days  of  their  life*. 

Panction  of  It  is  in  the  provcntriculus  that  are  situated  the 

ibt  proTftnirt-  glands  which  secrete  the  gastric  juice.  This  Huid  was 
^ua  and  gu-  ^^^  collected  by  Spallanzani  and  Rt^aumur,  and  after- 
wards examined  by  Tiedomanu  and  Graelio.  These 
observers  found  the  reaction  of  the  juice  acid,  discovered  that  it  con- 
tained hydrochloric  acid  and  that  it  possessed  the  property  of  curdling 
milk.  It  appears  certain  that  it  is  only  in  the  gizzaid  that  actual 
action  of  the  gastric  juice  on  the  food  takes  place,  its  sojourn  in  the 
proventriculus  being  very  short  and  its  mechanical  state  opposing 
Itself  to  a  proper  digestive  action. 

The  function  of  the  muscular  division  of  the  stomach  (the  giz- 
zard) has  been  sufficiently  explained  in  the  above  remarks  as  well  as 
>nnection  with  the  mechanical  function  of  the  crop. 


Sect.  5,    Digestion  in  the  Eerbivora. 

'he  first  thing  which  strikes  us  in  comparing  the  organs  of  diges- 
of  herbivorous  as  contrasted  with  carnivorous  and  omnivorous 

1  John  Hanter,  *0n  ft  secreUon  in  the  crop  of  breeding  pigeons  for  the  nourishment 
of  their  young,'  Observations  on  certain  parti  of  the  Animal  (Economy^  London,  2nd  od. 
\in,  pp.  23&— 238. 

^  Duveraoy.  see  hia  edition  of  Carier'a  Le^m  d^AnatovUe  Comparie,  2ine  Mit.* 
P&ria,  18S6. 


476 


DIGESTION   IX   HERBIVOBA. 


animals  is,  firstly,  the  much  greater  length  of  their  alimentary  caoal; 
secoudly.  ite  enormous  capacity. 

Firstly,  as  to  length.  Whilst  the  ratio  of  the  length  of  the  ali- 
mentary canal  of  camivora  is  to  that  of  their  body  approrimattly  as 
4  :  1,  and  of  man  as  6  :  1,  iu  the  sheep  the  ratio  is  as  28  :  1.  aud  in 
the  large  nirainants  as  20 — 15  :  1*. 

Secondly,  as  to  capacity.  All  animals  whose  food  contains  a  laree 
proportion  of  ce]hih)se  possess  an  alimentary  canal  of  remarkable 
capacity. 

We  may  form  some  idea  of  this  fact  by  ascertaining  the  weight  of 
the  intestinal  contents.  Thus  in  the  rabbit  immediately  after  it  \m 
been  fed,  the  contents  of  the  stomach  may  weigh  as  much  as  one* 
tenth  of  the  total  weight  of  the  body.  The  subjoined  table,  which 
exhibits  a  few  of  the  data  ascertained  by  Colin  on  this  subject,  shows 
clearly,  firstly,  the  immense  capacity  of  the  whole  alimentary  canal 
iu  some  hcrbivora:  secondly,  the  relatively  small  capacity  of  the 
stomach  iu  Sijlidungula  (the  horse)  as  compared  with  Ruminauta: 
thirdly,  the  remarkable  capacity  of  the  large  intestine,  both  in 
Solidungula  and  Ruminants,  and  its  much  larger  capacity  in  the 
former  than  the  latter. 


TABLE  EXHIBITINO  THE  RELATIVE  WEIGHTS  OF  THE  C0NTEST3 
OF  THE  STOMACH  AND  LVTEHTINES  IN  THE  HORSE.  BULL.  COW 
AND  RAM  {ABRIDGED   FROM   COLIN)  ^ 


Weight  of 

Contents 

of 
Stomach 

Weight  of 
Ckintenta 

of  Small 
iDtestiQe 

Weight  of 
OoDteoU 

of 
Caaonm 

Weight  of 

ContentB 

of 

Colon 

ToUl 

Weight  of 
Contenttiof 
In  tes  tinea 

Total     ' 
Weight  of 
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Stomach    ! 

and 
Int«etines 

Horse 

kUoa 
5-000 

kiloii 
7-600 

kilos 
11-000 

kilofl 
36*200 

kiloa 
54-700 

kiloe 
59-700 

Bull 

98-000 

11-500 

1-000 

8-500 

21-000 

119-000  ' 

Cow 

67-000 

6-000 

0-300 

3-700 

lOOOO 

77-000 

Ham 

7-200 

1-600 

8'8O0 

The  great  capacity  of  the  alimentary  canal  of  herbivores  is  relatel 
to  the  fact  of  their  food  containing  a  large  proportion  of  undigestiMe 
cellulose,  so  that  the  bulk  and  weight  of  the  food  which  the  animal 
must  daily  consume  in  onler  to  obtain  from  it  the  albuminous,  starcby* 
and  fatty  constituents  which  are  essential  to  its  maintenance  is  vefj 

*  C.  A.  Ewftld,  Die  Lehre  von  der  V&rdauunff,  etc.  Berlin,  187*2,  p.  22. 

^  Cblin,  Traiti  de  Phy«to(ogie  Compar^e  de*  Animaux.     Paris,  1836  (eee  p.  900). 
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larcfe ;  moreover  very  large  quantities  of  saliva  are  secreted  and 
Added  to  the  dry  food  which  is  swallowed.  We  may  assume  that  a 
Lorse  of  average  size  and  weight  will  rwjuire,  in  order  to  keep  in  a 
state  of  nutritive  equilibrium,  about  7*5  kilo,  of  hay  and  2'27  kilo,  of 
oatfi,  or  if  fed  on  hay  alone  at  least  10  kilo.  (22  lbs.)j  according 
to  Colin's  calculations,  the  saliva  secreted  by  a  horse  during  the 
mastication  of  a  meal  of  4  kilo,  of  bay  amounts  to  16  kilo,  so  that 
the  daily  food  would,  on  this  suppositiou,  require  40  kilo,  of  saliva; 
in  other  words,  the  total  weight  of  dry  food  and  saliva  entering 
the  stomach  during  twenty-four  hours  would  be  50  kilo.  But  to 
this  we  must  add  a  quantity  of  water  drunk,  which  cannot  be  esti- 
mated at  less  than  10  litres,  so  that  the  total  iugesta  mixed  with 
saliva  entering  the  stomach  of  the  horse  may  be  estimated  as 
weighing  about  60  kilo,  or  132  lbs.  per  diem.  When  we  reflect, 
furtner,  on  the  bulk  occupied  by  a  quantity  of  hay  weighing  22  lbs., 
we  shall  have  au  adequate  explanation  of  the  capacity  of  the  alimen- 
tary canal  of  the  horse.  Taking  now  the  case  of  the  ox,  we  may 
calculate  that  if  fed  upon  hay  alone  it  would  consume,  on  an  average, 
about  15  kilo.  (S3  lbs.),  with  which  would  be  mixed  60  kilo  (132  lbs) 
of  saliva  and  from  15  to  25  litres  of  water,  so  that  from  90  to  100 

of  matter  would  enter  the  rumen  per  diem. 
'The  stomach  of  the  horse  is  remarkable  for  its  small  size  both  in 
re/ation  to  the  rest  of  the  alimentary  canal  and  to  the  large  amount 
of  food  which  the  animal  cousumea  Thus  while  the  stomach  of  a 
large  dog  may  have  a  capacity  of  6  litres,  that  of  a  horse  may  not 
coDtain  more  than  from  10  to  18  litres*.'  The  comparative  small- 
ness  of  the  stomach  is  connected  with  the  fact  that  when  the 
food  consumed  is  hay  or  straw,  its  stay  iu  the  stomach  is,  /or  the 
most  part,  a  short  one.  In  the  horse,  as  in  other  lierbivorous  animals, 
under  normal  conditions  the  stomach  at  the  commencement  of  a 
raeal  usually  contains  considerable  quantities  of  undigested  residues 
of  previous  meals.  The  newly  ingested  food  partly  forces  out  of  the 
stomach  some  of  the  residual  food  which  it  contained^  and  partly 
becomes  mixed  with  another  portion  of  the  residue.  From  the  very 
commencement  of  the  meal,  however,  some  of  the  contents  of  the 
stomach  pass  through  the  pylorus  into  the  ducjdenum.  The  quantity 
escaping  does  not.  however,  equal  that  which  enters,  so  that  the 
stomach  gradually  becomes  distended.  When  a  certain  point  is 
reached,  however,  the  quantity  admitted  into  the  stomach  is  balanced 
by  the  quantity  leaving  it,  so  that  the  volume  of  the  organ  remains 
the  same  as  long  as  the  animal  continues  to  eat.  The  meal  ftnished, 
the  passage  of  the  contents  of  the  stomach  Into  the  duodenum 
becomes  materially  slower,  and  it  is  only  after  many  hours  that  the 
stomach  can  empty  itself.  When  the  aliment  consumed  is  composed 
of  oats,  the  process  of  gastric  digestion  is  one  which  lasts  longer,  and 
which  more  nearly  approaches  that  which  goes  on  in  the  stomach  of 

or  the  carnivora. 

*  J,  G.  McEondrick,  A  Text-book  of  Physiology,  1889,  see  Vol.  ti.  p.  99. 
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The  rapid  passage  of  the  solid  gastric  contents  of  the  horse  into 
the  intestine  has  been  determined  both  by  Tiedeniann  and  Gmelin 
and  by  Colin;  these  observers  having  administered  foreign  bodies  ui 
horses  found  them  (unless  their  size  was  too  great)  in  the  intestine 
an  hour  or  an  hour  and  a-half  afterwards.  It  is  by  the  short  contact 
with  the  gastric  juice  that  Colin  explains  the  fact  that  pieces  <4 
meat,  oysters,  &c.,  administered  to  horses  are  usually  found  to  pass 
undigested  into  the  intestine. 

Amongst  the  phenomena  connected  with  the  alimentary  canal  of 
the  horse  which  deserve  to  be  mentioned,  is  the  remarkable  rapidity 
with  which  water  passes  out  of  the  stomach  in  this  animal  and 
is  conveyed  towards  and  into  the  immensely  capacious  cffcum, 
where  the  absorption  of  water,  and  probably  of  soluble  products  of 
digestion,  appears  to  have  its  chief  seat.  By  adding  ferrocyanide  of 
potassium  to  tlie  water  drunk  by  horses,  Colin  found  it  in  ten 
minutes  in  the  ileum,  at  a  distance  of  20  metres  from  the  stomach, 
though  a  somewhat  longer  time  was  needed  before  it  entered  the 
caecum.  To  the  processes  which  have  their  seat  in  the  cfiecuro  of 
the  solidungnia  we  shall  refer  when  discussing  the  changes  which 
cellulose  undergoes  in  the  alimentary  canal  of  the  Herbivora  geafr 
rally. 


•  The  stomach  of  ruminantA,  such  as  the  ox,  sheep, 

of  RiunlBMiU.     ^^^^'  chamois,  elk,  camel,  dromedary,  giraffe,  Ac cou- 

sistfi  of  four  sncs— (a)  the  paunch  or  rum^nj  (b)  the  re$ica- 
lum,  (c)  the  psali^-ium  or  otna-iium,  and  (d)  the  abanutsum  or  true  stomAcL 
The  paunch  is  a  sac  of  enormous  capacity,  in  the  ox  capable  of  containing 
100  litres,  and  in  the  sheep  4  to  6  litres.  The  mucous  membrane  ii 
covered  with  pointed  papillse  from  3  to  9  mm.  in  length,  and  the  epitlielial 
layer  is  of  the  stratiiiBd  Bqiiamoud  variety.  The  paunch  communicates 
with  the  lower  end  of  the  oesophagus  and  also  with  the  reticuium.  The 
paunch  and  reticulum  are  divided  by  a  couatriction  and  strong  hanil  of 

fibrtjs   from  the   psalterium   and   abomasum The   reticulum  has  b 

capacity  in  the  ox  of  2  litres,  and  in  tho  sheep  of  0*2  litre.  It  shews,  ss 
its  name  indicates,  a  honeycoml>Uke  appeai-auce,  or  reticulum,  each  cell  of 
which  ia  polyhedral.  The  huight  of  the  walls  of  thcJiO  canities  may  be 
from  10  to  15  mm.  Ita  muscular  coat  is  stronger  than  that  of  the  paunch, 
and  consists  mainly  of  striated  muscle,  the  fibres  of  which  are  (X)ntLuaou& 
with  those  of  the  ossnphagus.  The  walls  of  the  reticular  spaces  also  con- 
tain QiuHCulur  tibres.  The  wall  of  the  reticulum  can  thus  contract  mon 
powerfully  and  speedily  than  that  of  the  paunch.  Fine  papillae  abound, 
and  the  whole  mucous  membrane  is  covered  with  stratitied  squamous  epi- 
thelium. The  reticulum  lias  three  openings — a  large  one  towards  the 
paunch,  a  narrower  one  towards  the  psalterium,  and  a  third  which  com- 
municates with  the  OQsophagus.  At  the  opening  into  the  psalterium,  we 
find  a  sphincter  surrounding  an  aperture  nan-owed  by  rugie  or  folds,  or  by 
papillre,  so  that  matters  entering  into  the  psalterium  from  the  reticulum 
p*i88  through  a  kind  of  'perforated  ]>artition.'  The  psnJterium  or  omasum 
has  a  thiu  wall,  and  has  two  openiugs,  one  into  the  reticultun,  alreadj* 
aiiuded  to,  and  the  others  in  tW  \>Tue  stomach  or  abomasum.     The  muooui 
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membrane  of  this  OAvity  is  thrown  into  the  form  of  a  Qum1>er  of  leaves, 
projecting  far  into  the  lumen  of  the  sac,  and  these  are  covered  with  small 
biittonehajwd  papillie,  and  by  a  layer  of  atratified  pavement  epithelium- 
This  sac  haa  in  it»  walls  involuntary  muscular  tihres  forming  strong  longi- 
tudinal and  circular  layers.  A  layer  of  fibres  also  exists  in  the  centre  of 
each  leaf  or  fold,  in  addition  to  a  t.  mu$cu./anji  niucosfs.  The  structure  of 
the  (thomasum  or  true  stomach  is  like  that  described  as  characterising  the 
stomach  of  man  or  the  dog ;  it  contains  glauHs  of  the  fundus  and  glands  of 
the  pylorus,  and  the  mucous  membrane  is  covered  by  cylindrical  epithelium. 
*The  lower  end  of  the  ccaophagus  0]>ens  into  the  paunch,  hut  at  the 
left  side  a  deep  groove  runs  along  the  inner  wall  of  the  reticulum,  from 
the  entrance  of  the  cesophagus  into  the  paunch  to  the  entrance  of  the 
reticulum  into  the  psalterium.  This  may  be  called  an  oesophageal  canal 
or  groove.  To  understand  its  true  relations  we  may  regard  the  paunch 
and  the  reticulum  as  diverticula,  or  sac8  developed  from  the  lotoer  wall  of 
the  oesophagus,  aud  the  psalterium  as  a  diverticulum  from  the  upper  wail, 
supposing  the  animal  to  Xte  on  all  fours  in  its  normal  position.  We  are 
now  in  a  position  to  Hmieretaud  ruminatiof^  '.* 


The  process 
of      •mmina- 

tlOD.' 


The  solid   matters  of  the  food,  which  have   been 

subjected  to  the  first  or  preliminary  mastication,  toge- 
ther with  nearly  the  whole  of  the  licjuids  (saliva  and 
I  water),  pass,  after  deglutition,  into  the  reticulum,  which  is  the  real 
I  centre  of  the  group  oi  cavities  which  constitute  the  gastric  apparatus 
of  the  ruminant.     lu  virtue  of  its  central  position  and  of  its  power- 
fully muscular  walls,  the  reticulum  can  divert  the  matter  which  flows 
^into  it  either  towards  the  right,  into  the  rumen,  of  which  it  forma  a 
preliminary  chamber,  or  towards  the  left,  into  the  psalterium  and  true 
stomach.    The  reticulum,  in  fact,  in  so  far  as  the  products  of  the  first 
I  maatication^are  coacerned,  serves  as  a  distributor  of  its  products;  in 
its  cavity  it  stores  only  a  certain  part  of  the  fluid  which  has  reached  it. 
During  rumination,  the  solid  matters  which  have  been  stored  in 
the  rumen  are,  by  the  contractions  of  the  rumen  and  through  the 
inatrunientality  of  the  reticulum,  regurgitated  aloug  the  cesophagus 
unto  the  mouth,  in  order  to  be  subjected  to  a  second  and  more  perfect 
f process  of  mastication  ('chewing  the  cud').     When  again  swallowed, 
the  finely  comminuted  alimentary  particles,  mixed  with  the  saliva,  pass 
along  the  oesophageal  gutter  directly  into  the  psalterium.     In  this 
division  of  the  stomach  the  comminution  of  the  digested  food  is  com- 
pleted and  it  acts  as  a  feeder  and  a  regulator  of  the  supply  of  matters 
m  respect  to  the  fourth  or  true  stomach  in  which  the  real  process  of 
peptic  digestion  has  its  seat. 

The  mucous  membrane  of  the  rumen,  as  could  be 
deduced  from  its  structure  (for  it  possesses  no  glands 
and  is  lined  by  stratified  squamous  epithelium),  forms 
no  secretion.  In  the  rumen,  the  partially  masticated 
vegetable  matter  is  subjected,  under  the  most  favour- 
able conditions  of  temperature,  to  the  prolonged  action 

J.  G.  MoKtiudriok.  A  Text-book  of  Phytiologtf,  Vol.  u.  pp.  100,  101. 
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of  the  saliva  and,  under  the  influence  of  its  diastatic  ferment,  the 
conversion  of  starch  into  dextrine  and  sugars  proceeds.  At  the  same 
time  much  of  the  soluble  matter  of  the  food  (salts,  sugarSj  gums,  &a) 
must  be  extracted  and  pass  into  sohition. 

Though  the  rumen  produces  no  enzyme,  and  merely  affords  a 
suitable  cavity  in  which  the  diastatic  enzyme  of  the  saliva  may 
exert  its  action,  it  seems  invariably  to  be  the  habitation  of  innumer- 
able micro-organisms  which  provoke  in  its  contents  fermentations 
accrtmpanied  by  the  evolution  of  gases  and  by  the  development  of 
fatty  acids.  In  the  rumen,  a  decomposition  of  cellulose  due  to  the 
action  of  micro-urgauisms  doubtless  occurs. 

The  reticulum,  it  may  be  assumed,  exerts  no  chemical  action  oo 
the  constituents  of  food,  its  function  being,  as  we  have  stated,  that  of 
a  distributor  of  matter.  Nothing  is  known  definitely  as  to  tbe 
function  of  the  psalterium.  Tiedemaun  and  GmeJin  foiuad  its  juice 
acid  and  discovered  in  it  acetic  acid,  doubtless  the  product  of  fermen- 
tation. The  function  of  the  fourth,  or  true,  stomach  is  exactly  siuiilir 
to  that  of  the  stomach  of  man  or  the  camivora.  It  would  appear, 
however,  from  the  obaervalious  of  Bidder  and  Schmidt,  that  the  pro- 
teolytic activity  of  the  gastric  juice  which  it  forms  is  relatively  feeble. 


On  uie   di-  Although  the  excrements  of  the  herbivora  contab 

gestion  of  Ml-    large  quantities  of  cellulose,  the  attention  of  physio- 

BorblYora. 


^  logical  chemists  has  long  been  directed  to  the  question 


whether  any  part  of  the  cellulose  introduced  into  the 
alimentary  canal  undergoes  decomposition  and,  if  so,  whether  tbe 
products  are  of  such  a  nature  as  to  be  of  some  importance  in  nutri- 
tion. No  enzyme  is  found  iu  the  alimentary  canal  nor  is  any  un- 
organised ferment  known  which  possesses  the  power  of  digestbg 
cellulose.  We  are,  however,  in  possession  of  facts  which  leave  d** 
room  fur  doubt  that  cellulose  can  be  decomposed  through  the  agencj 
of  micro-organisms,  and  that  this  process  occurs  in  the  atimentar}' 
caual  of  the  herbivora. 

Tappeiuer*  found  that  cotton-wool  when  added  to  a  solution  of 
extract  of  meat  mixed  with  bacteria  obtained  from  the  rumen  under- 
went a  process  of  fermentation  accompanied  by  the  evolution  of 
gases  and  disappeared,  fatty  acids  being  found  in  the  solution. 
V.  Kniriem*  shewed  that  during  the  process  of  digestion  in  herbivora 
an  appreciable  quantity  of  cellulose  disappears,  and  even  found  that 
the  cellulose  of  paper  disappeared  in  its  passage  through  the  alimen- 
tary caual.  Victor  Hofmeister*,  by  digesting  hay  made  from  young 
grasses  with  the  liquid  fuund  in  the  iutestines  of  slaughtered  horses, 

'  Tappeiuer,  *  UntersucbnngeQ  ilber  die  Gahruug  der  Cellulose,  iusbesonden!  ^^' 
deren  Ldsnng  im  Darmkanale,'  Xeittch.  f.  BioL  Vol.  xx.  (1684),  p.  53,  and  Vol.  s^- 
1886,  p.  106. 

^  von  Kniriem,  *  Ueber  die  Verwertliung  der  CelluloBc  im  thterischen  OrgAniiaB0*> 
ZeiUch.f.  Bioi,  Vol.  xxi.  (1885),  pp.  67—139. 

^  V.  HofmeisWr,  'Ueber  Cellalose-Verdftuung  beim  Pterde,'  Archiv  f.  witttiuch.  *>- 
prakt.  Thierheilkundif  Vol.  xi.  (1885),  Heft  1  and  2,  quoted  by  Neumdster,  ^*y'* 
CAem,,  p.  235. 
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observed  the  solution  of  a  large  proportion  of  the  cellulose  which  it 
contained.  In  the;  process,  which  occurred  rapidly,  gases  wore  evolved 
and  the  fermenting  liquid  became  acid ;  no  sugar  was  formed. 

Henneberg  and  Stohmann*,  on  the  basis  of  these  experiments, 
argued  in  favour  of  the  actual  nutritive  value  of  cellulose,  but  their 
views  have  been  controverted  by  H,  Weiske*  and  others. 

According  to  v.  Kniriem,  cellulose  is  essential  to  the  herbivora  for 
physical  and  not  chemical  purposes.  He  found  that  rabbits  feti  upon 
diet  otherwise  perfectly  adequate  to  support  life,  but  containing  no 
cellulose,  invariably  died  of  intestinal  inflammation,  the  ceecum 
being  found  to  be  filled  with  coherent  pitch-like  contents.  When, 
however,  horn  shavings  were  mixed  with  food  of  the  same  compo- 
sition, rabbits  fed  upon  it  throve,  and  the  intestinal  contents  presented 
a  normal  appearance. 

Whether  cellulose  plays  any  part  or  not  as  an  active  nutritive 
agent,  we  must,  from  all  the  researches  hitherto  made,  arrive  at  the 
conclusion  that  in  herbivora  a  considerable  decomposition  of  thb 
proximate  principle  occurs,  brought  about  by  the  agency  of  the 
micro-organisms  of  the  alimentary  canaJ.  Whilst  this  decomposition 
in  Ruminautia  probably  has  its  chief  seat  in  the  rumen,  iu  the 
Rodentia  and  SoIidunguLa  it  is  probable  that  it  is  chiefly  localised  In 
the  capacious  cwcum. 

^  Henneberg  and  Stohmann,  '  Ueber  die  Bedentnng  der  Cellaloae-Gahnuig  {Ur  die 
lohrung  der  Tliiere.'  ZeiUch.  f.  IHol.  VoK  xxi.  {1886)»  p.  613. 
H.  Weifike,  'Kommt  der  Cellulose  eiweissereparendo  Wirkimg  bei  der  Em&hraug 
ler  Herbivora  au?'  Zeitseh.f,  BioL,  Vol.  xxu.  (Id86),  p.  373. 
•  V.  Kniriem,  op.  cit. 
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NEUMEISTER'S    VIEWS     CONCERNING    THE     ALBUMOSES, 
AND    THEIR    RELATIONS. 

{Supplementary  to  pages  131  and  132.) 


At  page  131  of  this  book,  a  short  space  is  devoted  to  an  exposition 
of  R.  Neumeister'a  views  concerning  the  albnmoaes.  Quite  apart 
£t>m  a  mistake  in  print '  (Aerm'-deutero-albumose  appearing  instead 
of  OTi^'-deutero-albumosc),  the  account  tliero  given  conveys  so  meagre 
and  nnsatisfactory  an  Idea  of  the  speculations  of  Neumeister,  which 
are  based  on  painstaking  and  valuable  researches^'  that  the  Author 
here  takes  the  opportunity  of  amplifying  and  amending  it. 

Nenraeister  adopts  the  hypothesis  which  Kiihne  advanced  to 
explain  the  facts  discovered  by  Schlitzenberger  (p.  116),  and  especially 
by  himself,  viz.  (refer  to  p.  119),  that  the  albuminous  molecule  when 
Bubjected  to  hydrolytic  agencies  splitjs  up  into  simpler  bodies  which 
belong  to  two  distinct  molecular  groups — a  hemi-gvoup  and  an  anti- 
group — which  we  may  conceive  actually  to  form  part  of  the  original 
albuminous  molecule. 

Neumeister,  however,  on  the  basis  of  actual  experiment,  has 
iendeavoured,  firstly,  to  establish  the  successive  stages  in  the  degra- 
dation of  the  albuminous  molecule  r  secondly,  to  trace  the  relative 
i distribution  of  the  hemi-  aud  anti-groups  in  the  several  products  of 
I  decomposition :  thirdly,  to  give  a  comprehensive  schematic  view  of 
the  manner  in  which  the  decomposition  may  be  conceived  to  pro- 

{       >  Six  lines  from  the  bottom  of  page  131. 

'  Richfu-d  Neumcistcr,  *  Zur  KcnntniftH  der  AlbnmoaeJi/  Zeit$ehri/l  f.  BioloffU, 
Vol.  xxiu.  (1^7),  pp.  381 — 401 ;  *  Bemerknngen  zur  Chemie  der  Albamosen  and 
[Peptone,'  Ibid.  Vol.  xxiv.  (18iiiH),  p.  207  ;  *  Ueber  die  Beaktionen  der  Albumosen  and 
Peptone,'  Ibid.  Vol.  xxvi.  (1890),  pp.  32i— 348. 

•  The  subjoined  papers  are  not  $o  directly  oonnected  with  the  precise  subject  imder 
!  diacnBfiion  aa  the  three  quoted  aboTc,  but  yet  must  be  read  by  all  interested  in  it,  and 
'  they  complete  (so  far  as  is  kno«*n  to  the  Author)  the  list  of  Ntnuneititer's  sciectlfio 
I' contributions  to  the  chomietry  of  thi?  albumoaefi  and  peptones,  if  we  eioept  the  account 
[which  he  has  given  in  his  talented  Lehrhueh  der  phytiologitehen  Chemie,  Erster  Theil, 
Jena,  1893  :  '  Ueber  Vitellosen,' iJiritjc/in/f/.jBioIb^,  Vol.  xxiu.  (18B7),  pp.  402— 411; 
*  Ueber  die  nachste  EinwirkiiDg  ^espannter  Wasserdampfo  auf  ProtciDe  und  liber 
eine  Grappe  elK^nthiimUcher  Eiweisuorper  and  Albumosen,'  Ibid.  Vol.  xxvi.  (1890), 
57 — 83  ;  '  Zur  Physiologic  der  Riwciasresorption  und  zur  Lehre  Ton  den  Peptonen,' 
VoL  xxvn.  (1891),  pp.  309—874. 
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ceed.  The  reader  must  in  limine  be  waroed  that  such  schematic 
views  as  those  of  Neumeiater  are  neither  advanced  as  ultimate  nor 
do  they  lay  claim  to  absolute  truth.  They  are  intended  to  aid  us  in 
our  striving  to  discover  and  arrange  the  facts  which  shall  ultimately 
lead  ua  to  formulate  a  correct  theory,  and  may  be  likened  to  the 
p>les  and  planks  of  the  scaffold  which  enable  us  to  construct  a  beautiful 
edifice,  though  they  themselves  will  ultimately  be  taken  down  and  no 
longer  be  seen. 

We  commence  our  amended  exposition  of  Ncumeister's  views  bj 
placing  before  the  eyes  of  the  reader  the  schema  which  represents 
them. 

(Albuminous  Molecule  \ 

Hemi-GToupB  Anti-eroups/ 


Proto-albumo8e 

( Ampho-&l  b  umuse) 


Deutero-albumose 
Ampho-aibamoBe) 

I! 

Ampho  -p  eptone 


Hetero-albu  mose 
( Ampbo-«lb  umose) 

Deutero-albumoae 
( Ampbo*aIbiimo9e) 

Ampho-peptone 


Anti-albumid 


Deutero-aJbumose 

(Anti-albumoae) 

I 

Anti-peptone 


As  was  stated  in  the  body  of  this  book,  Neumcister  recognizes 
two  so-called  'primaT^/  albumoses':  to  wit,  /wo^o-albumose  and  heterty 
albumose,  into  the  foi-mation  of  which,  as  the  schema  indicates, 
there  enter  both  hemi-  and  anti-groups,  resulting  from  the  splitting 
up  of  the  original  albuminous  molecule.  The  relative  share  which 
each  of  the  groups  takes  is  attempted  to  be  indicated  by  the  dark  aod 
light  lines  in  the  schema.  Thus,  according  to  Neumeister,  proto- 
albumose  is  mainly  built  up  of  hemi-growps,  though  (as  indicated 
by  the  finer  diagonal  line  which  joins  it),  in  a  minor  degree,  the 
molecular  groups  of  the  a7/(i-moiety  take  a  part  in  its  conatnicliou- 
Conversely  /t^^^ro-albumose  is  maiuly  derived  from  the  tt«h*-group5, 
but  yet  contain  Ae^Jii-molecules. 

From  each  of  these  primary  albumoses,  through  the  progres8i« 
activity  of  hydrolytic  agencies,  there  may  be  derived  'secondary  alb^ 
vnoaes*  which,  although  not  identical,  yet  are  included  under  the 
generic  term  of  detUero-albumoses.  Both  the  primary  albumoees, 
as  well  as  the  two  dcutero-albumoses  derived  from  them,  may  be 
designated  '  am^/to-albumoses '  to  indicate  that  they  contain  both 
hemi-  and  an^t-molecular  groups,  though,  as  the  schema  indicates,  io 
different  relative  proportions. 

From  these  two  dcutero-albumoses,  which  are  dej^ved  front  thf 
priitiary  albumoseSy  by  the  further  action  of  hydrolytic  agents,  ^^ 
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obtain  ampfao-peptones,  but,  according  to  Neumeister,  proto- &\hnmo8e 
yields  an  ampho-peptone  in  which  the  hemi-grou-ps  arc  chiefly  repre- 
sented, whilst  /letero-albumose  yields  an  ampho-peptone  in  which  the 
orUi-groups  propondemte. 

We  must  now  approach  the  explanation  of  facts  which  are 
indicated  in  the  right-hand  cohimn  of  Neumeister's  schema.  It  has 
already  been  pointed  out  that  under  the  action  of  certain  agents^ 
as  for  example  when  the  albuminous  bodies  are  subjected  to  long- 
continued  boiling  with  acids*,  there  is  formed  a  body  which  SchUtzen- 
berger  called  '  hemi-protein '  and  KUhne  *  anti-albumid ' :  Kiihne,  aa 
has  been  stated,  shewed  that  when  subjected  to  long-contlnued 
digestion  with  trypsin,  anti-albumid  yielded,  as  a  product  of  decom- 
position, a  peptone  (anti-peptone),  but  no  trace  of  amido-acids.  These 
facts  are  lucidly  explained  by  Neutneiater's  scheme.  We  have  to 
assume  that  under  certain  conditions  (typically  under  the  influence 
of  acids)  there  are  split  off  from  the  original  albuminous  molecule^ 
groups  of  aHh'-molecules  which  constitute  anti-albumid.  The  latter 
body,  then,  by  the  continued  action  of  hydrolytic  agents,  as  of 
trypsin,  yields  a  deutero-albumose  which  is  not,  however,  like  those 
we  have  been  considering,  an  am/>/io-aIbumose,  for  it  contains  no 
hemi-groups,  and  when  finally  digested  will  yield  an  anti-pepton^t 
not  an  amphu-peptone,  i.e.  &  peptone  which  when  digested  with  trypsin 
will  not  furnish  those  products  of  decomposition  (amido-acids)  which 
are  characteriatically  the  products  of  the  spUttiag-up  of  the  bodies 
which  contain  ^H«-moIecules.  We  thus  see  that  according  to 
Neumeister's  scheme,  whilst  we  have  one  proto-albumose  and  one 
hetero-albumose,  we  may  have  three  deutero-albumoaes,  differing  in 
their  constitution,  as  made  out  by  a  study  of  their  products  of 
decomposition, 

It  will  be  observed  that  Neumeister'a  scheme  admits  of  a  great 
many  possibilities.  We  may  conceive,  for  instance,  of  an  almost  end- 
less variation  in  the  cuustitution  of  both  the  primary  and  secondary 
albumoses.  accoi'ding  to  the  method  in  which  the  decomposition  of  the 
albuminous  molecule  has  been  effected,  as,  for  example,  according  to 
the  extent  to  which  the  anti-groups  of  molecules  have  been  split 
off  to  form  anti-albumid. 


^  Bee  the  account  of  Schfit»enborgor'B  researohea  at  p.  116,  and  Kuhne'a  scheme 
of  proteid  deconipo8ition  by  acids,  p.  121. 
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ON    THE    SEPARATION    OF    PROTO- 

ALBUMOSE. 


FROM    DEUTERa 


{Supplementary  to  pages  125  (md  129.) 

The  methods  which  have  been  described  at  pages  125  to 
for  separating  deutero-albumose  have  been  shevm  by  Neum* 
be  incapable  of  yielding  the  substance  in  a  pure  condition,  as  shewn 
by  the  fact  that  the  product  obtained  always  gives  a  precipitate,  or  at 
least  a  turbidity,  when  treated  with  a  2  per  cent,  solution  of  copper 
sulphate,  whereas  a  sohition  of  pure  deutero-albumose  is  not  pre- 
cipitated by  this  reagent. 

When  a  mixture  of  primary  (proto-  and  hetero-)  albumoses  and  of 
deutero-albumose  is  saturated  with  sodium  chloride,  the  precipitate 
is  composed  of  the  primary  albumoses.  The  precipitation  of  protiv 
albumose  is  not  however  a  complete  one,  so  that  if  acetic  acid  (or 
better  still  acetic  acid  saturated  with  sodium  chloride)  be  added  to 
the  filtrate,  the  body  which  is  thrown  down  is  a  mixture  of  prob- 
and deutero-albumose.  When  acetic  acid  saturated  with  NaCl  no 
longer  occasions  a  precipitate,  the  filtrate  still  contains  deutero- 
albumose,  which  is  now,  however,  entirely  free  from  proto-albumose. 
In  order  to  obtain  the  pure  body,  the  solution,  which  contains  free 
acetic  acid  as  well  as  sodium  chloride,  is  freed  from  these  bodies  by 
long-continued  dialysis.  Ou  concentrating  the  aqueous  solutiou  and 
then  adding  alcohol,  deutero-albumose  is  precipitated;  the  precipitate 
may  then  be  dried  by  further  treatment  with  absolute  alcohol, 
alcohol  being  allowed  to  evaporate  spontaneously*. 

^  Refer  to  the  following  pnpers :  R.  Neameister,  I.  '  Zar  Kenntniss  d.  Alboinc 
Zeitich.  /.  Biohgie,  Vol.  xxiii.  (1887).  pp.  381—401;  2.  'Ueber  die  Beaktiooeo 
Albumosen  und  Peptone,'  /bid.  Vol  xxvi.  (1B90).  pp.  324—348. 
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ON  THE  DIFFUSIBILITY  OF  ALBUMOSES  AND  PEPTONES. 

{Supplementary  to  pages  135  and  141.) 


The  experiments  of  Funke*  led  him  to  assert  that  peptones  in 
aqueous   solution   diffuse   through   animal    membranes   with   in\ich 

g eater  facility  than  other  proteids,  and  Wittich,  as  well  as  Midy, 
erth  and  others  (refer  to  p.  141),  repeating  Funke'a  observations, 
but  employing  parchment  paper  instead  of  animal  membranes, 
arrived  at  a  very  different  conclusion.  The  matter  has  recently 
again  been  investigated  (though  as  yet  not  in  a  complete  manner)  by 
Kiihne*.  Under  the  name  of  peptones,  Funke  and  succeeding 
observers  had  worked  with  indefinite  mixtures  of  albumoses  and 
amphopeptoue.  Kuhne,  on  the  other  hand^  has  experimented  with 
solutions  of  the  separate  albumoses  and  with  ampho-  and  anti- 
peptones,  though  these  peptones  were  not  quite  free  from  albumoses. 
He  has  shewn  that  hetero-albuuiose  is  practically  indiffuaible,  but 
that  proto-  and  deutero-albumose  possess  tolerably  high  diffusive 
powers.  Curiously,  deutero-albumose,  which  according  to  Neuraeister 
is  a  secondary  albumose,  appears  to  be  less  diffusible  than  proto- 
albumose. 

The  diffusibility  of  ampho-peptone  and  of  anti-peptone  is  very 
much  greater  than  that  of  either  of  the  diffusible  albumoses.  Kuhne 
has  estimated  that  the  diffusibility  of  both  peptones  (wliich  strangely 
appear  to  possess  the  same  diffusive  power)  is  about  one-fourth  that 
of  grape-sugar. 

*  0.  Funke, '  Daa  endoamotische  Verholten  der  Peptone,*  VirchoVB  Archiv,  Vol.  xin, 
(1858).  p.  449. 

>  W.  Kiihne,  '  ErfahrnngeD  Uber  AlbomoBeo  and  Peptone.  IL  Znr  Diiluaion  der 
Albumosen  and  Pepione,'  ZtiUch.f,  Biol.  Vol.  29  (ie9»),  p.  20. 
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IV. 


KUHNE'S  NEW  METHOD  OF  SEPARATING  ALBUMOSES 
FROM  PEPTONES  AND  FOR  THE  PREPARATION  OF  THE 
LATTER. 

(Supplementary  to  pages  136  and  137.) 


* 


Since  the  sheet  of  this  book  in  which  the  peptones  were  treated 
of  passed  through  the  presa,  a  very  important  paper  by  Ktihne  has 
appeared*,  which  is  of  so  much  importance  in  conufiction  with  the 
mode  of  separation  of  the  albumoses  and  peptones  that  the  leading 
facta  which  it  contains  must  be  referred  to. 

All  the  other  methods  of  preparing  the  peptones  which  result 
from  the  action  of  pepsin  and  hydrochloric  acid  on  the  albuminous 
substances  (anipho-peptones),  such  as  the  methods  of  Henuinger  and 
of  Maly  and  Herth  (described  at  page  136),  yield,  as  products,  cmtures 
of  albumoses  with  peptones  in  which  the  former  preponderate.  It 
may  indeed  be  positively  asserted  that  until  the  appearance  of  the 
paper  under  discussion  no  ompho-peptones  had  been  obtained  which 
were  free  from  albumoses. 

It  is  one  of  the  fimdamental  and  roost  important  facts  connected 
with  digestion  b}'  pepsin  that,  however  active  the  solution  of  the 
enzyme,  however  careful  the  experimenter  may  be  in  keeping  up  the 
percentage  of  acid  in  the  digestive  mixture  to  the  strength  at  which 
proteolysis  proceeds  most  rapidly  under  the  most  favourable  cod- 
ditiona  of  temperature  (40" — 45"  C.),  however  long  the  proceaa  may 
go  on  {i.e.  even  though  carried  on  for  weeks  and  for  months)  large 
quantities  of  albumoses  are  found  mixed  with  peptones. 

After  the  publication  of  the  paper  of  Wenz",  it  was,  at  fiist, 
believed  that  by  simply  saturating,  in  the  cold,  a  mixed  solution  of 
albumoses  and  peptones  with  ainmouium  sulphate,  it  was  possible  to 
remove  the  whole  of  the  albumoses  from  the  solution,  and  Kuhne  and 
Chittenden's  researches  on  peptones  were  all  made  on  bodies  purified 
in  this  manner".  Experiment  however  afterwards  shewed  that,  in 
order  to  eQect  anything  like  an  apparently  complete  separation  of 

1  W.  KiUme,  *  Erfahrungen  iiber  Albumosen  uad  Peptone.  I.  Reini|{uiig  der  PeptooB 
von  Albumosen,'  Sfparatabiirttck  aus  der  Zeitschrift  f.  Biologie^  1893. 

3  Wenz,  Zeiuehrifif,  Biologie,  Vol.  xxii.  (16B6),  ae«  p.  10.  Befer  to  pagos  laiAod 
184  of  the  preHent  volume. 

'  Kcfer  to  page  137. 
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the  albumoses  from  peptones,  the  mixture  containing  these  substances 
should  be  saturated,  whilst  boiling,  with  ammonium  sulphate.  In 
whatever  manner  it  may  be  carried  out,  a  single  saturation  with 
ammonium  sulphate  is  not,  however,  sufficient  to  remove  all  the 
albumoses.  The  difficulty,  nay,  the  impossibility,  of  thus  completely 
separating  all  traces  of  these  bodies  from  peptones  was  pointed  out  by 
Neumeister*. 

Tha  prtnet-  "  The  sufficiently  diluted  mixture,  containing  albu- 

pi«  of  Kiiniie's  moses  and  peptones  having  been  freed  from  coagulable 
new  method.  albumin  and  from  albuminates  in  solution,  is  neutralised 
and  saturated,  at  the  boiling  temperature,  with  ammonium  sulphate. 
It  is  then  allowed  to  cool  and,  thereafter,  separated  from  the 
crystallised  salt  and  mixture  of  albumoses  which  have  separated. 
The  filtrate  is  again  heated  and,  na  ebullition  is  commencing,  it  is 
rendered  strongly  alkaline  by  the  addition  of  ammonia  and  ammonium 
carbonate;  it  is  then  again  saturated  with  ammonium  sulphate  and 
allowed  to  cool.  When  cold,  the  mipcture  is  filtered  from  the  second 
precipitate  of  albumoses  and  from  the  ammonium  sulphate  which  has 
separated.  The  filtrate  is  again  heated  (boiled)  until  all  smell  of 
ammonia  has  disappeared,  again  saturated  when  boiling  vdth 
ammonium  sulphate  and  then  acetic  acid  is  added,  until  the  reaction 
is  distinctly  acid,  an  operation  which  leads  to  a  thini  precipitate, 
which  for  the  most  part  separates  as  the  liquid  cools.  The  qutintities 
of  the  albumoses  which  necessarily  separate  are.  as  would  be  imagined, 
very  different,  according  to  the  nature  of  the  albuminous  substance 
employed;  they  are,  as  a  rule,  greatest  after  long-continued  digestions 
(i.e.  in  the  latter,  the  amount  of  the  second  and  third  precipitations  is 
larger,  as  compared  with  the  first,  than  in  digestions  which  have 
extended  over  shorter  periods):  it  is  greater  in  digestion  with  pepsin 
than  in  digestion  with  trypsin,  and  it  varies  with  the  nature  of  the 
albuminous  substances  which  are  acted  upon.  Thus  the  precipitate 
of  albumoses  which  separates  when  the  product  obtained  by  digesting 
white  of  egg  with  trypsin  is  subjected  to  the  third  precipitation 
previously  referred  to  (viz.  when  acetic  acid  is  added  to  the  hot 
solution  saturated  with  ammonium  sulphate)  is  surprisingly  abun- 
dant'." 

Mtttbod   of  ^^  order  to  obtain  large  quantities  of  peptones  free 

tfbtaining large  froni  albumoses,  Kuhne  recommends  the  use  of  Witte'a 
(tnantities  of  so-called  *  peptonum  siccum '  (refer  to  page  129),  a 
imphopflpione  substance  which  is  prepared  by  digesting  fibrin  with 
(KttiiM).  pepsin  and  hydrochloric  acid,  and  which  contains  the 

three  chief  albumoses  (proto-,  deutero-,  and  hetero-albumose)  in  re- 
markably fluctuating  proportions*.     This  preparation  must  be  sub- 

1  R.  Nenmeifii«r,  *  Demerknagen  znr  Cbemie  der  Albumoaen  uDd  Peptone,'  ZtiUch, 
/.  Biologie,  Vol.  xxiv.  (1888),  p.  267. 

■  Freely  translated  from  KUhne,  op.  cU.  pp.  2,  3. 

■  The  experience  of  the  Author,  in  reference  to  Witte'n  '  peptone,*  agrees  on  thU 
point  with  that  uf  Keumeisttir.     Two  Bumples  which  be  inveati^ated  contained  deutero- 


^ 


492       kuhne's  ne>v  method  of  purifying  peptoxes. 

jected  to  renewed  digestion  for  a  period  of  many  weeks  (six  or  eight) 
with  a  highly  acid  solution  of  pepsin.  The  acid  pepsin  solution 
employed  should,  in  the  6rst  instance,  contain  0*5  per  cent,  of  UCl, 
and,  after  the  albumoses  have  been  introduced  and  digestion  has 
commenced,  hydrochloric  acid  must  be  added,  in  the  proportion 
of  at  least  3 — 4  per  cent,  of  the  weight  of  the  albumosea  subjected 
to  digestion.  Kuhue  states  that  if  these  conditions  be  ful611ed 
the  albumoses  digested  may  amount  to  4  or  5  per  cent  of  the 
acid  pepsin  mixture.  The  Author  having  three  times  repeated 
KUhne's  method,  on  a  large  scale,  with  digestive  mixtures  containing 
varying  quantities  of  albumoses,  is  inclined  to  think  that  a  greater 
proportionate  yield  of  amphopeptone  is  obtained  when  the  percent- 
age of  albumoses  is  low  than  when  it  is  high.  It  must  be  stated, 
however,  that  the  difficulties,  the  labour,  and  the  expense  of  the 
operations  increase  enormously  with  the  inci*ease  of  dilution. 

To  prepare  the  pepsin  solution  which  should  be  employed  in 
making  large  quantities  of  amphopeptone,  the  following  process 
should  be  employed  (which  is  the  same  as  that  described  at  page  83, 
the  final  dialysis  being  omitted) : — the  mucous  membrane  of  the 
cardiac  case  of  the  stomach  of  two  or  three  pigs,  having  been  washed 

and  minced,  is  digested  for  at  least  a  week  with  dilute  hydrochloric  

acid  (containiug  05  j>er  cent.  HCl).      The  dark-coloured  artificiaLMI^ 
gastric  juice  thus  obtained  is,  after  filtration,  saturated  with  amm 
nium  sulphate,  which  precipitates  the  albumoses;  these  carry  do 
with  them  the  whole  of  the  pepsin.     The  precipitate  is  washed  wit 
a  saturated  solution  of  ammonium  sulphate;  the  latter  is  separa 
as  completely  as  possible  from  the  precipitate,  which  is  ultimate! 
pressed  between  filter  paper.     The  pepsin-containing  albumoses  ai 
found  to  be  entirely  soluble  in  O'l — 0*5  solution  of  HCl,  furnishing 
clear  and  colourless  solution,  which  possesses  intense  peptic  activity. 

The  successive  processes  of  precipitation  with  ammonium  sulphat^^^ 
which  have  been  referred  to  as  necessary  to  the  complete  separations 
of  albumoses  and  which  have  all  to  be  carried  out  at  the  boilin^^ 
temperature,  necessitiitc    very    large   quantities  of  ammonium   sul^ — 
phate,  so  that  in  order  to  obtain  one  hundred  grammes  of  ampho— 
peptones  free  from  albumoses  the  experimenter  will  employ,  in  thep 
successive  operations,  many  kilogrammes  of  the   ammonium    salt^ 
The  albumoses  which  separate  when  ammonium  sulphate  is  added^ 
to  complete  naturatiou,  to  the  mixture  of  albumoses  and  peptones 
which    has   been  rendered   alkaline   by    ammonium    carbonate    and 
ammonia,  at  first  partially  separate  in  a  flocculent  form,  but  in  great 
part  as  a  dark  brown  melted  scum,  which  is  best  removed   by  s 
peHbratcd  ladle  ;  the  brown  colour  is  obviously  the  result  of  processes 
of  oxidation   brought   about   by   the   atmospheric    oxygen    in   the 
presence  of  free  ammonia.     This  dark  scum  rises  to  the  surface  again 
and  again  and  must  be  removed. 

albumose  and  proto-albomofie  (the  former  preponderating  very  Urgely)  with  <adj  ft 
trace  ofiietero-albomoae  and  no  dya-albumoae. 
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SeparaUon   of  When  the  successive  saturations  with   ammouium 

peptoneB  from  sulphate,  at  a  boiling  temperature,  have  been  effected, 
wnmonium  the  experimenter  is,  at  last,  in  poshcssion  of  a  large 
■uipbAte.  quantity  (perhaps  a  great  many  litres)  »jf  a  cold  satu- 

rated solution  of  ammonium  sulphate  containing  amphopeptones. 
As  pure  water  dissolves,  at  ordinary  temperaturea,  about  70  per  cent. 
of  its  weight  of  ammonium  sulpliate,  it  follows  that  each  kilo  of  the 
fluid  contains  about  700  grammes  of  ammonium  sulphate. 

Id  order  to  separate  the  larger  part  of  this  salt,  the  solution  is 
briskly  boiled,  evaporation  being  aided  by  keeping  it  continually 
atirred  (preferably  by  an  automatic  stirrer).  When  sufficiently  con- 
centrated, the  whole  is  exposed  to  as  low  a  temperature  as  possible, 
and  the  concentrated  solution  is  separated,  by  decantation  and 
thorough  draining,  from  the  crystalline  mass  which  has  formed. 

The  now  yellow-coloured  solution  is  mixed  with  one-fifth  of  its 

[volume  of  alcohol,  which  causes  an  abundant  separation  of  crystals 
of  ammonium  sulphate;  after  their  separation,  the  turbid  liquid  is 
poured  off,  when  it  is  observed  to  separate  into  two  layers,  a  lighter 
supernatant  layer,  which  contains  much  alcohol  with  a  large  quantity 
of  peptone,  and  a  heavier  layer,  which  contains  a  large  quantity  of 
ammonium  sulphate  in  solution,  but  relatively  little  peptone. 

These  two  layers  are  separated  from  one  anotherj  as  far  as 
possible  by  simple  decantation,  and  then  by  employing  a  separating 
funnel.  The  heavier  solution,  rich  in  ammonium  sulphate,  previously 
referred  to,  is  treated  with  successive  quantities  of  alcohol  j  each 
addition  by  the  latter  causes  the  separation  of  additional  quantities 
of  yellowish  peptone  and  alcohol-holding  supernatant  liquid,  which 
floats  on  the  surface  of  the  aqueous  solution  of  ammonium  sulphate. 
!  The  latter  on  each  addition  of  alcohol  further  furnishes  deposits  com- 
posed of  crystals  of  ammonium  sulphate. 

The  alcoholic  solution^  comparatively  rich  in  peptones  and  poor 
in  ammonium  sulphate,  which  results  from  all  these  operations, 
ha\'ing  been  placed  in  a  stoppered  bottle,  is  e^osed  to  a  very  low 
temperature,  for  at  least  twenty-four  hours.  The  yellow  alcoholic 
solution  may  then  be  decanted  from  the  thick  and  hard  crystalline 
crust  of  ammonium  sulphate  which  has  separated. 

It  is  now  boiled,  so  as  to  drive  off  the  whole  of  the  alcohol,  and 
afterwards  boiled  with  barium  carbonate.  The  latter  process  serves 
to  decompose  the  ammonium  sulphate  yet  present,  barium  sulphate 
being  precipitated  and  ammonia  evolved.  Ktihne  recommends  that 
ammonia  and  ammonium  carbonate  should  be  added  during  the 
process  of  decomposition  with  barium  carbonate,  and  states  that  by 
proceeding  in  this  way  he  has  Hucoceded  in  obtainiug  a  solution  of 
peptone  which  contained  neither  sulphuric  acid  nor  barium  in  solu- 
tion. If  this  desirable  result  has  been  attained,  the  solution  of 
peptones  is  filtered;  it  may  then  be  further  boiled  imtil  all  ammonia 
IS  expelled  and  is  concentrated  to  almost  syrupy  consistence  on 
the    water    bath.      The   syrupy    liquid   is   then    poured    into    ^ure 
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(absolute)  alcohol,  when  the  amphopeptone  ia  at  once  precipitat'cd, 
and  Boon  assumes  the  appearance  of  white  or  greyish-white  crusts. 
These  may  be  further  purified  by  solution  in  very  small  quantities  of 
water  and  reprecipiiaiion  by  absolute  alcohol.  They  may  then  be 
dried  in  vacuo  over  sulphuric  acid.  If  it  be  not  an  object  to  obtain 
the  amphopeptone  in  as  colourless  a  condition  as  possible,  the  pep- 
tone which  has  been  precipitated  by  alcohol  may  be  dried  as  follows. 
It  is  dissolved  in  water  and  the  solution  is  boiled  so  as  to  drive  off 
every  trace  of  alcohol;  it  is  then  evaporated,  in  a  porcelain  capsule, 
to  dryness  on  the  water  bath,  and  may  be  kept  in  well -stoppered 
bottles,  or  in  sealed  tubes.  The  so-called  dry  substance  thus  ob- 
tained, if  however  furiher  heated  to  110^  C.  continues  to  lose  wat^ 
for  a  long  time  and  then  the  dark-coloured  residue  thus  obtained 
possesses  the  intensely  hygroscopic  characters  Hrst  observed  by 
Kubne;  when  dropped  into  water  it  dissolves  with  the  evolution  of 
heat  and  with  a  hissing  noise,  in  the  same  manner  as  phosphoric 
anhydride  does  under  the  same  circumstances. 

It  sometimes  occurs  that  after  boiling  with  barium  carbonate  and 
filtering,  the  peptone  solution  is  found  to  give  a  precipitate  with 
dilute  sulphuric  acid^  indicating  the  presence  of  barium  peptone.  Id 
this  case  the  whole  solution  must  be  very  caiUioitsly  treated  with  just 
enough  very  dilute  sulphuric  acid  as  is  needed  exactly  to  precipitate 
all  the  barium  present,  and  thereafter  the  processes  previously  de- 
scribed should  be  carried  out. 

The  experimenter  cannot,  however,  be  sure  that  his  long  and 
tedious  work  has  been  successful,  ufitil  having  dissolved  a  sample  of 
the  dry  peptone  finally  obtained  he  submits  the  solution  to  the  three 
sets  of  precipitations  which  formed  the  essence  of  the  whole  opera- 
tion. If  ammonium  sulphate  produces  any  precipitate  when  added 
(to  saturation)  tu  a  boiling  solutiou  m  the  neutral,  the  alkaline,  and 
the  acid,  conditions,  the  whole  of  the  product  must  be  worked  up  tie 
novo. 

According  to  the  Author's  experience,  however,  if  the  whole  of  the 
operations  which  Lave  been  described  are  carried  out  with  thorough- 
ness and  intelligence,  neither  time  nor  material  being  spared,  tlit 
product  obtained  is  fuiiud  to  be  absolutely  free  from  albumoses.  He 
has,  however,  found  tliat  even  when  the  solution  of  amphopeptoue, 
filtered  from  the  precipitate  of  barium  sulphate,  gives  absolutely  no 
precipitate  with  either  barium  chloride  or  with  dilute  sulphuric  aad. 
a  very  concentrated  solution  of  the  amphopeptone  ultimately  ob- 
tained is  found  to  contain  a  trace  of  barium.  It  would  appear  thew- 
fore  that  peptones  in  solution  prevent  the  perfect  precipitation  of 
traces  of  barium  by  sulphuric  acid, 
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V. 


NOTES  AND  ADDITIONS  ON  THE  NATURE  OF  THE  ACIDS 

iOF  THE   GASTRIC   JUICE   AND  GASTRIC   CONTENTS'. 


On  the  Colour  Reactions  which  may  be  employed  in  the 

INVESTIGATION    OF    THE    ACIDS    OF    THE    GaSTRIC    JUICE    AND 

Gastric  Contents. 

{Supplementary  to  pages  92 — 95  and  179.) 


The  reader  who  has  perused  the  account  given  of  the  various 
colouring  methods  which  may  be  employed  either  as  indicators  of  the 
total  acidity  of  the  gastric  juice,  to  discover  the  presence  of  free 
hydn>chloric  acid,  or  of  free  acids,  mineral  and  organic,  will  be  con- 
scious of  the  want  of  more  definite  information  as  to  the  special 
advantages  which  certain  reagents  possess  over  others.  This  want  is 
Bupplied  by  the  results  of  the  observations  of  Martius  and  Luttke, 
and  Xa}  certain  of  these  we  shall  draw  the  attention  of  the  reader. 

The  compounds  of  albumin  with  hydrochloric  acid 
behave  towards  litmus  as  free  acids ;  it  follows  there- 
fore that  even  in  the  absence  of  free  HCl,  litmus  may 
be  reddened  by  the  contents  of  the  stomach.  It  is 
indeed  very  rare  that  the  contents  of  the  stomach 
|K>sse3s  a  neutral  or  alkaline  reaction.  Litmus  is,  un- 
like phenolphthaleTn,  not  affected  by  solutionH  of  acid  phosphates. 
Some  hydrochlonites  of  organic  bases  give  an  alkaline  reaction  with 
litmus,  whilst  with  phenolphthalein  they  exhibit  an  acid  reaction*. 

Phenolphthale'in  is  a  body  which  has  of  recent  years 
come  into  very  general  use  as  an  indicator  in  the 
titration  of  acids  and  alkalies,  and  which  possesses 
special  advantages  when  it  is  desired  to  determine  the 
total  acidity  of  the  gastric  juice.  It  is  tlierefore  essen- 
tial to  know  in  what  respect  its  action  differs  from  that 
of  litmus. 


Beharlour  of 
the  compoundfl 
of  the  &lba- 
mlBouB  rab- 
Bt&nces  vlth 
HOI  toiraxtUi 
UtmnB^. 


Behavlotir  of 
the  compounds 
of  the  alba- 
mlnoaa  sub- 
stances  with 
HOI  toirords 
'phenolphtha- 
lein.' 


>  Theee  notes  and  additions  are  mainly  basod  on  the  rceearohes  and  writings  of 
Hartias  and  Luttk«.  Sco  Die  Magenmure  des  Metuchen.  Kriliscb  und  experimentell 
baubeitet  vou  Dr  F.  Martiufl,  A.  0.  Professor  u.  Direktor  dcr  med.  Poliklinik  in 
Rostock  and  J.  Lilttke.  Chemiker  in  Bustock.  Stuttgart,  Verlag  von  Ferdinand  Bnke, 
189S. 

>  Martios  and  Ltittke,  op.  cit.  39. 

'  Salkowsky  nnd  Kumagawa,  '  Ueber  den  Begriff  der  freien  und  gebnndenen 
Salzsauie  im  Magoninbalt,*  Virchow's  ATchii\  Vol.  cixu.  (1690),  pp.  235 — 252. 
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Congo -red 
and  tropsMUn. 


Phenolpbthale'in  is  a  colourless  crystalline  powder,  which  is 
Bparingly  soluble  in  water  but  abundantJy  soluble  in  alcohol,  the 
solution  in  the  latter  possessing  a  pale  yellow  colour.  The  addition 
of  alkalies  causes  this  yellow  solution  to  assume  an  intense  red  coloar, 
which  is  bleached  by  the  addition  of  acids  and  by  the  action  of  CO.. 

Phenolphthale'fn  is  invariably  added  in  alcoholic  solution  to  tne 
liquids  of  which  the  reaction  is  to  be  determined.  Ab  previously 
stated,  acid  phosphatea  behave  towards  it  as  acids,  \£.  in  their 
presence  the  addition  of  alkali  must  be  continued  until  they  are 
converted  into  perfectly  neutral  salts  before  the  red  coloui'ation 
makes  its  appearance.  Acid  compounds  of  albuminous  substances 
behave  towards  phenolphthalein  as  free  acids. 

Inasmuch  as  tincture  of  litmus  cannot,  with  expediency,  be  added 
directly  to  the  gastric  contents  and  the  use  of  litmus  p^>er  ia 
inconvenient,  phenolphthale'in  ia  to  be  preferred  to  litmus  in  deter- 
mining the  total  acidity  of  the  gastric  juice. 

To  summarize: — in  litmus  and  phenolphthalein  we  possess  indicators 
which  merely  inform  xis  of  the  add  reaction  of  the  gastric  juice,  but 
furnish  us  with  no  information  as  to  witether  a  free  acid  be  present  or 
not. 

As  was  previously  said  (p.  94),  these  two  reagents 
possess  special  value  in  the  investigation  of  the  gastric 
juice  and  of  the  contents  of  the  stomach,  inasmuch  a^  they  are  uot 
affected  by  salts  with  acid  reactions  or  by  compounds  of  aibun^novs 
substances  with  hydrochloric  acid. 

According  to  Martins  and  Ltittke,  however,  no  reliance  can  be 
placed  on  these  reagents  as  indicating  whether  the  free  acid  of  the 
gastric  juice  is  organic  or  mineral. 

Paper  stained  with  congo-red  is  to  be  employed  as  the  readiest 
and  most  delicate  test  of  the  presence  of  free  acids  in  the  gastric 
juice,  whilst  in  determining  the  total  amount  of  free  acid  (as  distin- 
guished from  the  total  acidity)  by  the  aid  of  a  standard  alkaline 
solution,  a  solution  of  00  tropjeolin  (1  part  dissolved  in  10  of  weak 
spirit)  should  be  employed. 

Whilst  congo-red  and  tropaeolin  indicate  the  presence 

of  free  acids  in  the  gastric  juice,  they  cannot  be  relied 

upon  to  tell  us  whether  the  acid  be  organic  or  mineral. 

Giinzburg's  reagent^  (Phloro-glucin-vanillin),  described 

at    p.    94,    ia    totally    iinaffected    by    organic    acids, 

but  indicates  the  existence  of  free  mineral  acids.    If, 

therefore,  the  contents  of  the  stomach  furnish  a  positive  reaction 

with  it,  we  can  assert  that  they  contain  free  hydrochloric  acid.    To 

the  directions  given  at  p.  94  for  the   employment  of  this  reagent, 

should  be  added  that  a  few  drops  of  the  gastric  juice  are  sufficient  to 


Fhioro-giu- 

cin-TanUlln 
and  'resordn, 
only   affected 
by    mineral 
acidB. 


^  CrUnzborg,  *Neue  Meihode  Knm  Naohweise  freier  Salzsaore  im   Mngeninhjilt, 
Cemralblattf.  klin.  Med.  1887,  No.  40. 


APP.  v.] 


SYSTEMATIC  STUDY    OF   REACTION. 


497 


exhibit  it,  aod  that  unless  the  quantity  of  acid  present  be  extra- 
ordinarily small,  the  red  colour  of  the  dried  stain  is  seen  to  be  due 
to  extremely  slender  microscopic  crystals. 

A  solution  of  Resorcin,  empltiyod  iu  the  same  manner  as  Giinz- 
burg's  reagent  has  been  recommended  by  Boas*,  and  can  be  employed 
in  its  stead.  It  is  only  influenced  by  free  mineral  acids  and  not  by 
the  compounds  of  hydrochloric  acid  with  the  albuminous  substances 
or  with  organic  bases.  The  solution  employed  is  made  by  dissolving 
3  grms.  of  resorcin  and  3  grms.  of  cane-sugar  in  lOO  grms.  of  spirits 
of  wine. 


Ox     THE    SYSTEMATIC     USE    OF    CERTAIN    C0L01TR   REACTIONS   IN 

DETER3IINING  THE  PRESENCE  OF  MINERAL  AND  ORGANIC  ACIDS 
IN  THE  STOMACH  CONTENTS,  AND  ON  THE  QUANTITATIVE 
ESTIMATION  OF  THE  *  TOTAL  ACIDITY'  AND  OF  THE  'ACIDITY 
DUE  TO    FREE  ACIDS  *   (MaRTIUS  AND  LuTTKE)'. 


1.     Determimition  of  Reaction.     Is  hydrochloric  acid  present! 

I.    utmui  The  contents  of  the  stomach  are  tested  with  delicate 

/blue).  ^im^  litmus  paper.     It  is,  as  has  been  said,  only  most 

rarely  that  the  reaction  is  found  to  be  neutral  or  alkaline. 

If  the  reaction  be  acid,  it  may  be  due  {a)  to  HCl  only:  (6)  to 
organic  acids:  (c)  to  a  mixture  of  HCl  and  organic  acids;  (d)  to  acid 
salts,  or  to  a  mixture  of  the  latter  with  the  acids  previously  referred 
to. 


3. 

red. 


Oongo- 


If  paper  stained  with  congo-red  does  not  assume  a 
blue  colour,  free  acids  are  absent ;  it  follows  that  an 
acid  reaction  previously  observed  with  litmus  must  have  been  due  to 
acid  salts 

If  congo-red  is  turned  blue,  the  stomach  contents  contain  either 
free  hydrochloric  acid  or  free  organic  acids,  or  both. 

To  determiuo  whether  hydrochloric  acid  is  present,  the  phloro- 
glucin-vanillin  test  should  be  euiployed. 

3.    Phioro-  If  this  reagent  furnishes  a  negative,  whilst  congo- 

jittcin-vanmiiL   j.^   furnished  a  positive,  reaction,  the  acid    or  acids 
present  must  he  organic  and  no  free  hydrochloric  acid  be  present. 

If  the  reaction  be  positive,  the  presence  of/ree  hydrochloric  acid 
is  proved,  whilst  the  simultaneous  presence  of  organic  acids  is  not 
excluded.  A  judgment  on  the  latter  point  can  only  be  arrived 
at,  according  to  ^lartius  and  Liittke,  by  determinations  of  (1)  total 
acidity;  (2)  the  acidity  due  to  free  acitls;  (3)  the  total  quantity  of 
chlorine  present;  (4)  the  quantity  of  chlorine  present  as  chlorides. 

1  Bout,  *Etn  neaeti  Reagens  fUr  den  Naohweis  freier  Salzsaare  im  Mageninbalt,' 
Centrtilbl. /,  klin.  Med.  1888,  No.  45, 
*  Op.  cit.  pp.  66,  67  ftnd  115. 

a  32 
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In  the  opinion  of  the  Author,  however,  the  method  of  the  'coefficient 
de  partage/  &c.  offers  the  most  direct,  as  well  as  the  simplest  maimer 
of  settling  the  question. 

2.    Quantitative  determination  of  total  acidity. 

In  determining  the  acidity  of  the  contents  of  the  stomach  it  is 
absolutely  essential,  as  Martius  and  LUttke  have  conclusively  proved, 
(1)  to  employ  the  unHltered  contents  instead  of,  as  has  hitherto  been 
the  practice,  the  filtrate  separated  from  the  solid  matters  held  id 
suspension,  inasmuch  as  the  degree  of  activity  of  the  latter  stands 
in  no  definite  relation  to  the  fluid  which  surrounds  them. 

20c.c  of  the  thoroughly  shaken  coutents  of  the  stomach  are  measured 
by  means  of  a  graduated  flask,  and,  after  the  addition  of  3  to  4 
drop  of  solution  of  phenolphthalein,  are  diluted,  in  another  graduated 
flask,  to  the  volume  of  300  c-c.  After  thoroughly  shaking,  150  cc. 
of  this  mixture  are  poured  into  each  of  two  oeakers  possessing  a 
capacity  of  200  c.c.  and  which  are  placed,  side  by  side,  on  a  sheet  of 
white  paper.  Decinormal  solution  of  sodium  hydrate  is  then  allowed 
to  flow  from  a  burette  into  one  of  these  beakers,  until  the  red 
reaction  just  appears.  The  transition  in  tint  can  he  readily  observed, 
if  both  beakers  are  looked  at,  side  by  side.  Having  made  the  first 
determination,  it  is  repeated  with  the  second  portion. 

In  accordance  with  the  very  practical  suggestion  of  Ewald,  it  is 
now  the  practice  to  express  the  value  of  the  total  acidity  of  gastric 
juice  not  in  terms  of  the  absolute  amount  of  alkali  required  to 
neutralise  100  c.c.  of  gastric  juice,  but  by  the  number  of  cubic 
centimetres  of  decinormal  solution  of  sodium  hydrate  employed  for 
the  same  purpose.  Thus  if  we  state  that  the  acidity  of  the  gastric 
contents  equals  50,  we  signify  that  100  c.c.  would  be  neutralised  by 
50  c.c.  of  decinormal  sodium  hydrate. 


3.     Quantitative  determination  of  Free  Adds. 

This  determination  is  carried  out  as  the  determination  of  total 
acidity;  solution  of  tropaeolin  (1  part  to  10  of  diluted  spirit)  is, 
however,  substituted  for  phenopbthalein.  The  transition  from  yellow 
to  red  is  readily  seen  when  the  contents  are  suitably  diluted  and  the 
quantity  of  the  diluted  fluid  is  not  too  great.  About  50  c.c.  should  be 
employed  ^ 

^  Martius  and  Ltittke,  op.  cit.  pp.  66  and  67. 
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3.     Additional    Methods   of   determining    the    Acids    and 

ESPECJALLV   THE   AMOUNT   OF   HCl   IN   THE   GaSTHIC  JuICE. 

{Suppleitientary  to  pp.  95—100  and  178 — 182.) 

In  addition  to  the  methods,  which  have  been  described  in  tlie 
body  of  this  work,  for  the  detcnnination  of  the  hydrochioric  acid  of 
the  gastric  juice,  a  variety  of  new  methods  and  of  moJiiicatious  of 
the  older  methods  have  within  recent  times  been  iutroduced.  It 
would  be  impossible  even  to  refer  to  all  of  them,  and  only  those 
which  possess  special  importance  and  which  present  peculiar  features 
will  be  discussed. 

1.  The  MetJiod  of  Cahn  and  v.  Merino^  /or  the  determination  of  the 
total  hydrocJdoric  acid,  tlie  volatile  acids  and  tfte  lactic  acid  of 
the  stomach  contents. 

50  c.c,  of  the  filtered  stomach  contents  are  distilled  over  a  naked 
tfame,  until  three-fourths  of  the  liquid  has  distilled:  the  vohime  of 
the  fluid  in  the  retort  is  again  made  up  to  50  c.c.  and  again  three- 
fourths  of  the  fluid  distilled  off.  The  distillate  contains  tnc  volatile 
acids,  the  amount  of  which  is  determined  by  titration  with  deci- 
Dormal  soda.  The  residue  in  the  retort  or  flask  is  shaken  six 
successive  times  with  500  c.c.  of  ether,  in  order  to  extract  the  whole 
of  the  lactic  acid.  The  united  extracts  arc  freed  from  ether  by 
distillation  and  the  lactic  acid  determined  in  the  residue  by  titration. 
To  the  concentrated  stomach  contents,  after  treatment  with  ether,  an 
excess  of  freshly  precipitated  cinchonin  is  added,  until  the  reaction 
becomes  neutral,  and  the  mixture  is  then  washed  by  means  of 
chloroform  into  a  separating  funnel  and  shaken  4  or  5  times  with 
fresh  quantities  of  chloroform.  The  united  chloroform  solutions  are 
freed  from  chloroform  by  distillation,  the  residue  is  dissolved  in 
water,  acidulated  with  nitric  acid,  and  the  chlorine  present  pre- 
cipitated by  adding  an  excess  of  silver  nitrate.  The  chloride  of 
silver  is  determined,  le^e  artis,  gravimetrically  and  the  amount  of 
hydrochloric  aci<i  corresponding  to  it  calculated  by  multiplying  its 
weight  by  0-25427. 

As  will  be  obvious  to  the  chemist,  this  method  is  costly,  complex, 
and  difficult,  and  presents  inherent  defects  which  must  militate 
against  its  accuracy,  the  chief  of  which  consists  in  the  large  quantities 
of  ether  which  are  employed  in  order  to  dissolve  the  tactic  acid  and 
which  take  up  not  inconsiderable  quantities  of  the  hydrochloric  acid 
(Martius  and  LUttke). 

The  process  of  Cahn  and  v.  Mering,  of  which  the  most  interesting 
feature  was  suggested  by  a  striking  experiment  of  Rabuteau  (see 

1  Cahn  and  v.  Mering,  *  Die  Siiuren  dea  geaanden  and  krsnken  Magens,*  Dcutsch, 
Arehip  f.  klin.  Med.  Vol.  xxux.  (1886),  p.  389. 
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foot-noie,  p.  93),  has  been  simplified  by  McNaught*.  though  according 
to  Martius  and  Liittke  the  modifications  only  increase  the  ch&ucea  uf 
error  attaching  to  the  original  method. 


2.      The  Method  of  Sj6(pist*  modified  by  v.  Jaksch^  of  detennimng 
the  total  HCl  in  the  stomach  contents. 

This  method  rests  upon  the  fact  that  when  gastric  juice  or  the 
contents  of  the  stomach  are  evaporated  to  dryness  with  barium 
carbonate,  the  free  acids  combine  with  barium.  On  igniting  the 
residue,  the  organic  barium  salts  furnish  insoluble  barium  carbonate, 
whilst  the  chloride  of  barium  formed  by  the  hydrochloric  acid  of  thti 
gastric  juice  is  soltible  in  water,  which  may  be  used  to  extract  it. 

10  cc  of  unfiltered  stomach  contents  are  measured  into  a  plati- 
num or  nickel  capsule,  and  a  drop  of  tincture  of  litmus  is  add^^ii 
Absolutely  pure  barium  carbonate  (i.e.  absolutely  free  from  chlonue) 
is  then  added,  until  the  mixture  is  no  longer  red,  care  being  taken 
not  to  add  an  unnecessary  excess  of  the  barium  salt.  The  capsule  is 
now  heated  to  dryness  on  the  water  bath,  in  an  atmosphere  free  from 
HCl,  The  capsule  is  then  ignited  until  all  the  organic  matters  are 
destroyed,  and  the  residue  is  repeatedly  extracted  with  boiling  water 
and  the  solutiun  Bltored.  The  volume  of  the  clear  filtrate  should 
not  exceed  80 — 100  cc.  The  ijUiintity  of  barium  which  it  coutaios 
should  then  be  detenniued  gravimetrically  by  precipitation  with 
dilute  sulphuric  acid,  &c.  The  quantity  of  barium  sulphate  multi- 
plied by  0'3132  gives  the  amount  of  HCl  present  in  10  cc.  of  the 
gastric  juice.  The  control  determinations  made  by  v.  Jaksch  have 
shewn  that,  as  carried  out  by  him,  the  method  is  one  of  great  exacti- 
tude. The  method  would  appear  to  be  theoretically  a  very  perfect  oDe 
if  the  barium  determination  be  carried  out  gravimetrically  by  an 
experienced  worker.  Martius  and  LUttke  have,  however,  found  that 
when  the  quantity  of  free  HCl  is  small  and  the  greater  part  of  the 
acid  is  in  combination  with  albuminous  substances,  the  results 
obtained  by  Sjoqvist's  method  are  fretjuently  much  below  the  truth, 
They  believe  that  this  may  depend  upon  an  imperfect  decompositiou 
of  the  acid  albuminous  cuiupouud  aud  suggest  that  by  diluting  the 
mixture  of  gastric  juice  and  barium  carbonate  and  gently  beating  it 
the  difficulty  may  be  got  over*. 

>  McNaagbt,  Medical  Chronicle,  Marob,  1S67.  The  Anihor  has  not  had  ttw 
opportunity  to  see  the  original  paper. 

'  Sji><iTi8t,  '£ino  neue  MeUiode,  frcie  Salzeanre  ixn  MageninhAlte  quantiutif  n 
bestimmeu,'  Zeitsch.  f.  phyt.  Chemie,  Vol.  xiii.  p.  I. 

^  T.  Jaksch,  '  Zar  quantitaliven  Be^timmung  der  freien  SalzBanre  ixn  MagenuAcs' 
Monatshcfte  f.  Chtm.  Vol.  x,  {18B9).  pp.  211—213. 

*  Martius  and  Ltittke,  pp.  B5  and  86. 
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3.     The  Method  of  Hayem  and  Winter^  for  determining  tiie  free  and 
combing  HCl  of  the  gastric  contents. 

The  reader  is  referred  either  to  the  original  work  of  Messrs 
Hayem  and  Winter  for  a  full  description  of  their  method,  or  to  the 
exhaustive  and  critical  examination  of  it  contained  in  Martius  and 
Luttke's  book'.  As  the  latter  authors  have  very  candidly  pointed 
out,  the  method  of  Hayem  and  Winter  is  based  in  part  on  a  philo- 
sophical desire  not  only  to  determine  the  total  iiuantity  of  hydro- 
chloric acid  in  the  gastric  contents,  and  the  total  quantity  existing 
in  a  free  condition,  but  likewise  the  quantity  which  exists  in  organic 
combinations.  Unfortunately,  however,  the  means  employed  have 
not  been  adequate  to  the  end  in  view  and  the  method  neither  enables 
us  to  determine  the  proportion  of  the  free  nor  of  the  combined 
hydrochloric  acid. 

Hayem  and  Winter  measure  out  5  c.c.  of  the  filtered  gastric 
contents  into  three  crucibles,  which  we  shall  distinguish  as  a,  6  and  c. 
To  a  is  mlded  an  excess  of  sodium  bicarbonate,  so  as  to  combine  with 
the  whole  of  the  hydrochloric  acid.  AH  three  crucibles  are  then 
placed  on  the  water  bath  and  their  content-s  ultimately  dried  at  a 
temperature  of  100  C.  The  residue  contained  in  crucible  a  is 
ignited  for  a  few  minutes  over  a  naked  flame  and  the  carbonised 
ma-ss  is  repeatedly  extractfii  with  distilled  water  and  a  little  nitnc 
acid.  The  solution  is  tlieu  iieutmlised  with  s(.Klium  carbonate  and 
heated  for  some  time  to  drive  off  the  carbon  dioxide. 

The  amount  of  chlorine  which  the  solution  contains  is  then 
determined  by  means  of  deciuormal  silver  nitrate  solution,  potassium 
chromate  being  used  as  an  indicator.  From  the  amount  of  the  deci- 
normal  silver  solution  employed,  the  total  chlorine  (*^ chlore  total*)  is 
found. 

The  residue  in  cnicible  6,  after  being  dried,  is  treated  with 
concentrated  solution  of  soda  in  excess  and,  after  evaporation,  the 
residue  is  ignited.  The  amount  of  chlorine  which  it  contains  is  then 
determined  as  in  the  case  of  the  residue  in  crucible  a.  By  deducting 
the  amount  of  chlorine  found  iii  b  from  that  found  in  a,  Hayem  and 
Winter  calculate  the  amount  *  if  free  cldorine  {'HCl  lihre'). 

Tlie  residue  in  crucible  c  is  simply  ignited  and  the  chlorine  in 
the  residue  determined  in  the  same  manner  as  in  the  case  of  a  and 
of  b.  The  quantity  of  chlorine  found  in  c  corresponds  to  the  chlorides 
and  is  designated  'Chlorejixe' 

The  radical  fallacy  of  Hayem  and  Winter  lies  in  the  assumption 
that  when  the  gastric  contents  are  evaporated  to  dryness,  precisely 
the  same  quantity  of  hydrochloric  acid  will  be  volatilised  as  existed 
in  the  free  condition  in  the  juice,  a  supposition  which  is  not  merely 
theoretically  improbable  but,  as  the  researches  of  Martius  and  LUttke 
have  shewn,  is  absolutely  untrue.     The  total  quantity  of  HCl  can 

>  Hayem  et  Winter,  Du  Chimitme  HomaeaU  Paris.  1891.  m 

"^  iiHTtmn  uid  Luttktf,  up.  ct(.  pp.  ^1 — \0\.  ^ 


502 


LthTKES  METHOD. 


BOOKU 


be  legitimately  deduced,  as  H.  and  W.  suppose,  from  the  chlorine 
determinations  in  a  and  c  (a  —  c).  On  the  other  hand,  the  value  (H) 
of  the  free  hydrochloric  acid  cannot  be  deduced  as  they  pretend 
(H  =  a  —  b\  and  the  same  remark  applicB  to  the  value  of  the  combiiiwi 
hydrochloric  acid  (c)  which  they  state  as  =  6  —  c. 


4.     Lilttke's   method '  of  detef*mtninj  the  total   quantity  of  Hydro- 
chloric A  cid  in  the  Gastric  Contents. 


(A)     TJie  principles  on  which  the  metiiod  is  based. 


The  contents  of  the  stomach  in  the  state  of  health  contaiD.  in 
addition  to  hydrochloric  acid,  certain  chlorides  of  the  alkalies  and 
alkaline  earths,  to  wit,  sodium,  potassium,  calcium  and  magnesium 
chlorides.  Ammonium  chloride,  on  the  other  hand,  has  bithertw 
only  been  discovered  in  the  contents  of  the  stomach  in  unemia. 

The  hydrochloric  acid  of  the  gastric  contents  is  partly  in  the  free 
condition  and  partly  combined  with  albuminous  substances. 

LUttkes  process  depends  upon  the  theory,  which  is  based  on  a 
large  number  of  experimental  facts  collected  by  Martius  and  himself, 
that  when  the  gaptric  juice  or  gastric  contents  are  ignited  (at  a 
temperature  much  below  that  at  which  the  cidorides  would  volaliH^ei 
the  entire  quantity  of  hydrochloric  acid  is  evolved,  i.e.  not  only  ihal 
which  exists  in  the  perfectly  free  condition,  but  also  that  which  is  in 
combination  with  albuminous  bodies,  whilst  the  chlorine  which  is  in 
combination  with  bases  remains  in  the  ignited  residue.  By  deter- 
mining, therefore,  the  total  quantity  of  chlorine  contained  in  the 
stomach  contents  and  then  that  of  the  chlorine  in  the  ignited  residue 
and  by  subtracting  the  latter  from  the  former,  there  is  obtained  the 
amount  of  chlorine  which  correaponds  to  the  total  hydrochloric  acid 
of  the  gastric  contents.  It  is  obvious  that  the  practicability  of  a 
method  based  upon  these  considerations  (assuming  the  original 
supposition  to  be  correct,  viz.  that  the  whole  of  the  hydrochloric 
acid  existing  free  and  in  organic  combination  is  evolved)  will  depend 
upon  a  method  being  available  for  the  very  accurate  estimation  of 
the  total  chlorine  present  in  a  complex  organic  mixture  (such  as  the 
contents  of  the  stomach),  without  having  to  subject  this  to  any 
process  for  destroyiug  the  organic  substances  which  it  oontaiQ& 
Such  a  process  Ltittke  has  found  in  Volhard's  remarkably  fiw 
method  for  the  estimation  of  chlorine,  which  has  already  supplanted 
all  others  iu  the  determination  of  the  chlorine  coutainea  in  the 
urine  *•"•*•*. 

1  J.  Ltittke,  *  Eine  neae  Metbode  Eur  qu&ntitativen  Bestimmimg  der  SaUsaare  ia 
Mageninhalt,'  DeuUche  med,  Wochentchr.  1891.  p.  1325,  and  more  folly  daTalopecl  in 
Martins  and  Liittke'a  Dif.  Maffcnsfiure  dot  Menschfn^  see  pp.  101—114. 

'  Volbanl,  Ann.  d.  Chemie  u.  Pharm,,  Vol.  cic.  p.  1. 

»  P.  Falk,  lier.  d.  dfuUch.  chem.  GeulUeh.,  Vol.  nil.  p.  19. 

*  C.  Arnold,  '  Knrssc  Mothode  ztir  m&sMnalTtiscben  BeBtimmung  der  Chloride  im 
fisra, '  Heit.  f.  phyi.  Chemxt,  Vo\.  v .  VV^\A,  v  ^^• 

*  E.  Salkowalu,  •  X]ebei  die  Bealuumutui  ^«  Cti.OTA»  vcD.1i»x^;  Z<\'UO>»  \.  i^ 
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Yolfaaxd's  method  of  determining  chlorine  as  applied  to  the 
The  principle  present  object  depends  upon  the  fact,  fii-stly,  that  in 
of  Voiiiard'B  the  presence  of  strona  nitric  acid,  silver  nitrate  com- 
procesB  for  de-  pleteiy  precipitates  the  chlorine  and  sulphocyanogen 
termining  01.      which  may  be  present  in  a  solution. 

Secondly,  that  the  precipitates  which  silver  nitrate  gives  with 
albuminous  bodies,  yviih  some  organic  acids,  &c.  are  insoluble  in 
strong  nitric  acid.  If  then  to  an  organic  mixture,  such  as  the 
gastric  contents  or  pure  gastric  juice,  we  add  a  known  quantity  of  a 
standard  solution  containing  silver  nitrate  in  presence  of  a  large 
quantity  of  strong  nitric  acid,  taking  care  that  the  silver  added  is 
more  than  sufficient  to  precipitate  all  the  chlorine,  if  we  filter  the 
mixture  and  determine  in  the  filtrate  the  quantity  of  silver  remaining 
(i.e.  which  has  not  combined  with  the  chlorine),  we  shall  at  once 
know  how  much  chlorine  the  mixture  contained. 

Thirdly,  upon  the  fact  that  when  a  solution  of  ammonium 
sulphocyanate  is  added  to  a  strongly  acid  sulution  of  silver,  con- 
taining swne  ferrous  sulphate,  a  curdy  precipitate  of  silver  sulpho- 
cyanate falls,  the  reaction  being  shewn  in  equation  I  : — 

(1)    AgNO.  -t  NH^CNS  =  AgCNS  +  NH^NO^. 

This  precipitate  at  once  redissolves  with  the  production  of  a 
blood-red  colour,  due  to  the  formation  of  sulphocyanate  of  iron,  as 
shewn  by  equation  2  : — 

(2)  Fe,(SO.),  +  6NH,CNS  =  Fe,(CNS).  +  SNHvSO,. 

But  no  sooner  has  the  red  colour  been  observed  than  it  disappears, 
so  long  as  any  silver  renuiitis  in  solution,  the  iron  sulphocyanate 
taking  part  in  the  reaction  which  is  shewn  in  equation  3 : — 

(3)  Fe,(CNS),  +  6AgN0.  =  Fe,(NO.),+  6AgCNS. 

It  is  only  xvhen  Oie  whole  of  the  silver  has  been  precipitated  as 
silver  sulphocyanide,  that  the  blood-red  colouration  due  to  ferric  s\d- 
phocyanide  persists ;  the  persistence  of  the  red  colouration  indicates, 
therefore^  the  termination  of  the  process,  and,  if  tlte  strength  of  Uie 
solution  of  ammonium  sulphocyanide  be  known,  the  quantity  of  silver 
in  tlie  solution  can  be  at  once  calculated. 


(B)     The  standard  solutions  needed  in  LiUtke's  process, 

1.  Ded-nor-  16'997  grms.  of  dry  and  pure  AgNO^  are  dissolved 

aui  toiution  of    in  about  OOO  c.c.  of  dilute  nitric  acid  containing  25  per 
•uver  nitrate,     ^ent  of  HNO,.  50  cc.  of  the  'liquor  ferri  sulfuric!  oxy- 

ChemU,  Vol.  v.  (1881),  p.  285;  S&Ucovflki  u.  L«ube,  Die  X^hre  von  Harne,  Berlin, 
^Hirvcbwald,  1883.  eee  p.  1G8. 
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dati'  of  the  German  Pharmacopoeia  is  added';  the  mixture  is  thi 
diluted  with  distilled  water  to  the  volume  of  1000  c.c.     Instead 
taking  exactly  one-tenth  of  an  equivalent  of  AgNO    in  gramme 
somewhat  more,  say  17"5  grms.,  may  be  taken,  and  tne  exact  titi 
determined,  le(^e  atiis,  by  means  of  a  perfectly  exact  decinormal  solu- 
tion of  hydrochloric  acid.     Except  in  the  case  of  a  trained  chemist, 
the  simpler  plan  will  offer  least  chances  of  error. 

This  solution  should  contain  7*6  grms.  of  pure 
XH^CNS  per  litre.  In  order  to  prepare  it,  8  grms, 
of  the  ptire  salt  (as  sold)  are  dissolved  in  1000  c.c.  of 
water.  This  solution  must  next  be  standardised  against 
the  standard  acid  solution  of  AgNO,. 
With  this  object,  10  c.c.  of  the  silver  solution  are  measured  out 
into  a  beaker,  and  150  to  200  c.c.  of  water  are  added.  The  sulpho- 
cyanate  snlution  is  then  allowed  to  flow  from  a  burette  into  the 
diluted  silver  solution,  until  the  first  appearance  of  a  permanent 
reddish  colouration.  Supposing  .9*7  c.c.  were  required,  then  970  c.c. 
of  the  sulphocyanate  solution  would  have  to  be  diluted  to  1000  cc. 

Finally,  the  diluted  solution  is  tested  against  the  accurately 
prepared  decinormal  silver  solution,  so  as  to  ascertain  that  they 
absolutely  correspond- 

(C)     TTie  Actual  Process  of  Analysis. 

Luttke's  process  includes  two  determinations :  firstly,  that  of  the 
total  quantity  of  chlorine  contained  in  the  contents  of  the  stomach  ; 
this  quantity  we  shall  designate  a  :  secondly,  that  of  the  chlorides 
remaining  in  the  incinerated  residue  of  the  contents;  this  quantity 
we  shall  designate  b.  Having  made  these  determinations,  the  quan- 
tity of  the  total  hydrochloric  acid,  both  free  and  in  organic  combi- 
nation, will  be  deduced  fi'om  the  value  of  a  —  h.  The  stomach 
contents  are  measured  out  in  small  graduated  flasks  of  10  cc.  capacitj". 
and,  for  reasons  already  adduced^  the  solid  matters  are  not  separute^^ 
by  filtration  from  the  liquid  in  which  they  are  suspended.  ^H 

a.    i>6t«r-  10  c.c.  of  the  thoroughly  mixed  (shaken)  gastric 

=^^^^*''*^*    contents  are  poured  into  a  graduated  Husk  of  100  cc. 

*'***■     capacity.     20  c.c.  of  the  decinormal  acid  silver  solution 
are  added,  the  whole  ia  shaken  and  set  aside  for  10  minutes. 

In  the  event  of  the  stomach  contents  being  strongly  coloured, 
they  may  be  decohiurised  by  the  addition  of  5  to  10  drops  of  a 
solution  containing  one  part  of  potassium  permanganate  dissolved  iu 
lo  parts  of  water. 

This  addition  (which  is  rarely  necessary)  must  only  be  made  a 
all  the  chlorine  has  combined  vrith  silver,  otherwise  the  pet^iajiganaie 

^  The  *  liiqaor  Ferri  porsulplmtis '  of  the  BritiBh  Pharmacopeia  ma;  b«  substituted 
for  the  German  preparatioo.  The  former  is  a  more  concentrated  solution  of  ferrio 
■ulphate,  having  a  opeoific  Kravity  of  1-141,  whilst  the  tatter  raries  between  1'317  and 
1319. 
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lid  decompose  the  HCl,  liberating  chlorine ;  and  the  results  of  tite 
analysis  ^vould  be  vitiated. 

Whether  permaDLranate  has  to  be  added  or  not,  the  contents  of 
the  8ask  are  diluted  with  distilled  water  to  the  100  c.c  mark,  and 
then  filtered,  through  a  dry  filter,  into  a  dry  vessel.  50  c.c.  of  the 
filtrate  are  now  measured  into  a  beaker,  and  the  amount  of 
silver  which  they  contain  determined  by  means  of  the  decinormal 
sulphocvanate  solution.  The  number  ot  cc.  used  is  multiplied  by 
two,  and  the  product  subtracted  from  the  volume  of  silver  solution 
employed  {i.e.  20  c.c.)  gives  us  the  amount  of  silver  required  to  com- 
bine with  the  total  chlorine,  and  therefore  the  amount  of  the  latter 
ill  10  c.c.  of  the  gastric  contents. 

10  c.c.  of  the  mixed  gastric  contents  are  evaporated 
to  dryness  in  a  platinum  capsule  on  the  water  bath. 
In  the  absence  of  a  wator  bath,  the  capsule  may  be 
placed  on  an  asbestos  slab,  which  is  heated  by  means 
of  a  gas  or  spirit-lamp  flame,  a  substitute  which  per- 
mits of  the  liquid  being  dried  without  spurting  and  therefore  without 
loss.  When  the  residue  is  dry,  it  is  ignited  over  the  naked  lamp, 
until  the  carbonised  residue  «o  longet*  hums  with  a  luminous  Jiame,  care 
being  taken  not  to  ignite  the  capsule  strongly,  as  chlorides  are 
volatile  at  a  strong  red  heat. 

After  the  incineration,  the  residue  is  moistened  and  pounded  by 
means  of  a  glass  rod  ;  it  is  treated  successively  with  hot  water  (in  a]l 
about  100  c.c),  and  the  solution  is  filtered.  Care  must,  necessarily, 
be  taken  to  ascertain  that  the  whole  of  the  chlorides  have  been 
extracted  from  the  carbon.  The  whole  filtrate  is  then  precipitated 
in  a  beaker  with  10  c.c.  of  decinormal  silver  solution,  and  the  excess 
of  silver  determined  by  means  uf  the  decinormal  sulphocyanate  soiii- 
tion.  By  subtracting  the  volume  of  the  latter  required,  from  the 
volume  of  the  silver  solution  taken  (t.e.  10  c.c.)  we  tind  the  amount 
of  pure  silver  required  to  combine  with  the  chlorine  in  the  chlorides 
of  the  incinerated  gastric  contents. 

caicnutioaof  From  the  two  values  (total  chlorine  a  and  chlorine 

rti*Jdd(a*^b)  ^^  chlorides  b)  we  ascertain  the  amount  of  the  total 
^  *'  acid  present  in  10  c.c.  of  the  stomach  contents  by  a 
simple  subtraction.  If  we  multiply  the  uiiiuber  thus  found  (the 
difference)  by  00365,  we  obtain  the  absolute  amount  of  hydrochloric 
acid  in  100  c.c.  of  the  contents  of  the  stomach. 
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ON  METHYL-MERCAPTAN  AS  A  PRODUCT  OF  THE  PUTRE- 
FACTION OF  ALBUMINOUS  SUBSTANCES  AND  AS  A 
GASEOUS  CONSTITUENT  OF  THE  LARGE  INTESTINE. 

(Supplementary  to  pages  420,  428,  466.) 

Methyl-mercaptan,  CH, .  HS,  is  at  ordinary  temperatures  a 
gaseous  body.  Under  a  pressure  of  752  mm.  at  temperatures 
below  5*.8  C.  it  condenses.  In  its  liquid  form  it  is  a  colourless, 
mobile,  highly  refracting  liquid  emitting  a  foetid,  putrefactive  smell. 
This  body,  which  was  first  prepared  by  Gregoiy\  and  has  been  care- 
fully investigated  by  Obermayer*,  and  especially  by  Clason',  was 
found  by  M.  Nencki  and  N.  Sieber*  to  be  a  constant  product  of  the 
putrefaction  of  the  albuminous  substances,  and  by  L.  Nencki'  to  be 
a  constituent  of  the  human  intestinal  gases.  Sieber  and  Schon- 
benko'  have  since  found  that  when  the  albuminous  substances  are 
fused  with  caustic  potash,  methyl-mercaptan  is  produced  in  greater 
quantities  than  sulphuretted  hydrogen.  Lastly  Rekowski^  has  just 
examined  the  physiological  action  of  methyl-mercaptan ;  he  has 
found  it  to  exert  a  highly  poisonous  action  on  mice,  guinea-pigs  and 
rabbits,  though  the  lethal  dose  appears  to  be  somewhat  higher  than 
that  of  sulphuretted  hydrogen. 

'  Gregory,  Annal.  d.  Cliem.  w.  Pharm,,  Vol.  xv. 

-  Obemmyer,  Ber.  d.  deutsch.  cbeiii.  Geaellsch.,  1887,  p.  2918. 

»  Peter  Claaon,  Ber.  d.  deuUch.  chem.  GeselUch.,  1887,  p.  3-408. 

*  M.  Nencki  and  N.  Sieber,  '  Zur  Kenntniss  der  bei  der  Eiweissgahrung  Auftre- 
tenden  Gase.'     MonaUhfftef.  Chem.,  Vol.  x.  (1889)  p.  526. 

^  Leon  Kencki,  '  Das  Methylmerkaptan  als  Bestandtheil  der  menschlichen  Darm- 
gase.'    MoiiaUhefte  f.  Chem.,  Vol.  x.  p.  862. 

*  Sieber  and  Schonbenko,  Archives  des  Sciences  Biologiques,  Tome  i.  p.  315.     St 
Petersburg,  1892. 

^  L.  de  Bekowski,  *  Siir  Taction  physiologique  du  H^thylmercaptan,'    Archives  des 
Sciences  Biologiques,  Tome  ii.  No.  2,  p.  206.     St  Petersburg,  1893. 
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Atnido-ethyl-flulphonic  acid,  nfi'  Tanrine, 

811 
o-Amido-isobutvlacetic  acid,  $(f  Leucine, 

232 
Amido-pyrotartaric  acid  (or  glutamic  acid), 
262  ;  occurrence,  252 ;  method  of  aepara* 
tioD  and  identiH cation,  252 ;   rotatory 
power,  253;  Cu-compnunds,  25H 

Azoidu-succinic  (or  aspartic)  acid,  8^1 ; 
occurrence,  261 ;  method  of  Mpormtlon 


and  identification,  251 ;  solubility  and 
rotatory  power,  2,'»2 

Amido-Tftlerianic  acid,  244  ;  a  product  of 
the  decomposition  of  reticnlin,  244,  406 

Ammonia,  as  a  product  of  the  decomposi- 
tion of  albuminous  Hubstanc^H  by  tryp- 
Bin,  260  ;  Hirsohler'a  and  Stadelmanu's 
experiments,  260 

Amccba  proteus,  digestion  in,  469 

Amphibolic  biliary  fistulii!.  Schiff's,  26S. 
2^0 

*Amphioxu9,*  absence  of  bile  colouring 
matters  in,  350 

Ampho-pcptone.  defined,  116.  135;  earlier 
methcxlB  of  preparation.  136 ;  Kilhne 
and  Ctiittenden'a  methods,  137;  action 
of  Millon's  reagent  diHlinguiBhes  from 
antipeptone,  139;  baa  no  action,  similar 
to  that  of  albumoBC!.  in  restraining  the 
coagulation  of  the  blood,  140;  cleavage- 
products,  140;  difTuaibiUty  of,  141,  489; 
chemical  composition  of,  earlier  re- 
searches on,  141. 142;  results  of  analysea 
by  Ktthne  and  Chittenden,  143 

Amylodextrin,  or  soluble  starch,  39 

AutDstheKia,  mode  of  producing  deep,  in 
dogH,  74 

Anhep,  on  absorption  in  the  stomach,  440 

Autialbumat,  120 

Antialbnmid,  120.  121 

Antialbamose.  Ktihue  and  Chittenden's 
researcbes  on,  123,  486 

'  Antilytic'  or  '  antiparalytio  *  secretion  of 
sahva,  32 

*  Antiparalytic '  or  'antilytio'  seoretion  of 
saliva.  32 

Antipeptone,  118.  486 

'  Appendices  pylorics'  in  fishes,  473 

Arsenious  acid,  inHuence  of,  on  diastatic 
action,  50 

AscLCPtADEs,  his  views  on  the  nature  of 
digestion,  64 

Akp,  v..  secretion  of  bile  after  occlusion  of 
hepatic  artery,  284 

Aspartic  acid,  see  Am  ido- succinic  acid,  251 

Atropia,  influence  exerted  by,  on  salivary 
accretion,  31 ;  on  pancreatic  secretion, 
197 
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Bacillus    obolei'ffi    AsUtieic    or 
bactUos,'  produotii  of,  -105 

Bacillus  gracilis  ilei,  437  («<?«  table) 

Bacillus  liqueftioiens  coli,  -154 

Bacillus  liquefacieus  ilei,  437  (w«  table) 

Bacillus  putriiicus  coli.  454 

Bncillus  typhi,  464 

Bacteria,  passage  of,  into  the  bile,  37G; 
deeompoBitiou  of  prot«ids  under  influ- 
ence of,  419 ;  of  the  email  intentine, 
137  {aUo  tee  table) ;  of  large  intestine, 
454 

Bticterial  decompoBition  of  proteids,  419  ; 
products  of,  euumerated,  420  ;  not  ac- 
companied by  formation  of  trypsin,  420 

Bacterium  Bi^chleri,  437  stable),  454 

Bacterium  coli  commune,  pasaa^^  of,  into 
the  bile,  H76 ;  migration  of,  from  the 
intestine  into  the  gall-bladder,  HU7 ; 
ooeurrcnoe  of,  in  colon,  454 

Bacterium  ilei,  4<J7  (table) 

Bacterium  lactia  adrogenes,  437  (tabic)* 
454 

Bacterium  liqaefocienB  ooli.  454 

Bacterium  ovale  ilei,  437  (table) 

Bakveh,  a.,  discover}'  of  indol,  421 

Bacinhkx,  on  baot.  coli  commune,  455 

Bu^Dt^  D.,  on  the  effect  of  injecting  the 
bile  of  the  ox  into  the  blood  of  the 
dog,  on  the  bile  excreted  by  the  latter, 
281 ;  on  cholagogues,  378 

Bardklkiikn,  quoted.  73 

hxKVQLii'n  reagent,  49 

Babth,  v.,  on  (he  constitution  of  tyrosine, 
248 

Baht,  de  J.,  digestion  of  collagen  and 
gelatin,  145 

Bakt,  i>s  W.,  on  the  mioro-organUniB  in 
the  contentfl  of  the  stomach,  171 

Babsow,  establishmoLt  of  gastric  fistalffi 
by,  73 

Bastunkixi,  C,  on  the  intestinal  invert* 
iug  euzyme.  114 

BATTtsTiNi,  on  the  action  of  santonine, 
373 

Daueh,  J.,  on  obaorption  in  the  intestines, 
452 

Bauuaxm,  E.,  products  of  putrefactive 
decomposition  of  tyrosine,  <i48,  428 ; 
tudul  and  skatol  not  primary  products 
of  bauteria.1  ducompositiou  of  proteids, 
420;  oacurrencu  of  Bkatol-carboaio  aoid 
in  the  urine  duubtful,  428 ;  discovery  of 
phenols  in  products  of  pancreatic  putre- 
faction, 432  ;  hid  method  of  separating 
them,  433 

Bauma^n,  £.,  and  L.  Bkieoer,  discovery 
of  parakiesol  in  products  of  putrefaction 
of  proteids,  433  ;  reaction  of  parakiesol 
witii  bromiuG,  434  ;  researches  of,  on 
ethereal  sulphates  of  the  phenols,  435 

Baumakn,  K.,  and  Abthuk  CoKiaTUNi, 
on  the  seat  of  production  of  phenol* 
AuJphurio  acid  in  the  body,  435 


bomaoA, 
gastriB^j 
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Bauuans.  K.,  and  L.  TTpBA^casr,  on  ibe 
Qon-occurreQce  of  ptom^ne*  in  tb« 
normal  intestinal  contents,  434  ;  on  the 
ocourreucc  of  ptomaines  in  oystiuuiis, 
435,  46ti 

Bkauhont.  W.,  observations  of,  in  the 
case  of  Aleus  St  Martin ,  70,  71 ;  descrip- 
tion of  digestion  in  the  living  stomaoli, 
152 ;  observations  on  acute  gastris 
catarrh,  176 

BuoKb,  on  mercury  in  gall^siones 

Bkxcb  Jukks,  description  by,  of  alb 
in  the  urine  of  ostco-maiacia,  122 

Bzkoeb,  F.  B.,  method  of  dialyvis,  89; 
his  *  liquor  pepticut,'  90;  his  *  liquor 
pancreaticus,'  224 

Br.NN£TT,  Udooxs,  committee  presided 
over  by,  to  investigate  action  of  caioniel 
on  the  secretion  of  bile.  371 

Benzo-Purpurin,  as  a  reagent  for  the  free 
UCl  of  the  gastric  juioe,  95 

Bkunabi>,  CLAin>E,  on  innervation  of 
salivary  glands,  13;  on  the  relation 
between  the  secretion  of  the  parotid 
gland  and  mastication,  22;  on  the 
relation  of  the  submaxillary  gland  to 
tasiti,  2B ;  his  method  of  making  gastric 
fistuliP,  73  ;  his  gastric  rannnla,  74  ; 
experiments  of,  on  the  reaction  of  the 
muouus  membrane  of  thesiomaob.  109 ; 
on  the  non-digestion  of  the  stomach  by 
its  own  juioe,  Itll ;  on  the  panorsstic 
ducts,  189  ;  on  the  solobility  of  the 
pancreatic  secreting  oella  in  bile,  191 ; 
on  the  cironlatory  changes  in  the  pan- 
creas, HI7  ;  investigations  of,  on  fat- 
splitting  ferment  of  pancreas,  210  et 
seq. ;  bypotheaiB  of  a  ^ferment  4mulii/^* 
212,  214  ;  coluur  ruction  when  pan* 
creatie  juice  is  trented  with  chlorine. 
203  ;  on  the  prucipitute  produced  when 
bile  is  added  to  chyme,  352  ;  on  elimina- 
tion of  poisonii  by  the  Uver,  376 ;  dis- 
covers colour  reaction  when  pancreatic 
juice  is  treated  with  nitric  and  nitrous 
acids,  423 

Bernaud  and  Babbuwill,  riewa  of,  on 
acid  of  gastric  juioe,  96 

Berkstrin,  on  the  action  exerted  by 
curare  on  the  jmncreatio  secretion,  197 

Berthelot,  method  of,  for  ascertaining 
the  nature  of  acids  by  determination  of 
'coefficient  de  portage,'  97;  his  decom- 
position of  synthetically  prepared 
bulyrin  by  inncreatic  juioe,  212 
BKRZKuns,  his  theory  of  *  CatAlysis/  6 ; 
researches  of,  on  the  bile  acids,  2112  ;  on 
tlie  bile  colouring  matters,  314,  315 
the  Boc&lled  'mucin'  of  bile,  335 
Bezoars,  468 

BibDEB  and  Scuuidt,  quoted  as  ha 
made  gastric    tistulie,   73;   method 
determining  pepsin,  182  ;  on  the  deoo: 
position    of    the   neutral    fats  by  the 
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ADereafi,  213 ;  obBervatioDS  on  the 
'RMr«tion  of  bile.  271;  on  dieestion  of 
starch  by  doge  with  biliary  fiBtaliP, 
3o2  ;  CD  imperfect  digestion  of  fat  by 
dogs  nnder  the  same  conditions,  35t>; 
int««liQKl  juice.  400 ;  diaatatic  action 
of  IntcatinAl  juice  (foot-not«).  413 

BiBxvrocK.  ou  the  bacteria  of  human 
fcoea,  4o4 

Bile,  the,  introductory  observations  on, 
286  ;  nietbod*  of  obtaiDinR,  *2G7  ;  e8tab> 
li.^bment  of  biliary  fistaUo  by  Schwann's 
method,  207;  by  S(.'hi£rBmetiiod(amphi* 
Uilic  fiutulffl).  26t);  temporary  biliary 
fistulv,  269 

- —  absolute  amount  of,  secreted,  2(i9  ; 
absolute  amount  of  bile  and  bile  solids 
secreted  by  animals  of  various  specieB, 

P270;  rcKults  of  obsyn'ationa  on  the  dog, 
S70;  the  secretion  of  in  herbivorous  con- 
traBte<l  with  that  in  carnivoroutt  animals. 
271 

quantity  of,  secreted  by  man,  272  ; 

BanJce's  observationtt,  278 ;  v.  Wittich'H 
case.  273;  observations  of  Yeo  and 
Herronn,  273  ;  of  Copeman  and  Wins- 
toD»  274 ;  of  Mavo  Robson,  275  ;  of 
Noel  Paton  and  J.  M.  Balfour,  275; 
table  exliibiting  results  of  thuMeobBsn-a* 
tions.  277 

variations   in   the   flow   of,   during 

a  digestive  period,  27t>;  intlnence  of 
nature  of  diet  on  secretion  of.  276  ;  iu- 
flnence  of  absorption  of  bile  from  intes- 
tine  on  the  qunntity  of  bile  secreted — 
Hchiff's  entero-hepntic  ciToulation  of 
bile,  278, 279  ;  the  researches  of  Werthei- 
mer,  281 ;  influfnce  of  blood-supply  on 
the  secretion  of,  283 ;  is  bile  secreted 
at  the  expense  of  the  blood  of  the  portal 
vein,  or  of  the  hepatic  artery,  or  of  both? 
283;  iuflueaoe  of  changes  in  pressure 
in  portal  system  on  flow  of,  2Jii6 ; 
efleotfi  of  aection  and  stimulation  of  the 
spinal  cord  in  the  cervical  region  in  the 
flow  of.  280 ;  effects  of  soction  and 
stimulation  of  splnnchQice  on,  28tf 

Sressurc  under  which  secreted,  286  ; 
sorption  of,  secreted,  287 

colour  of,  288  ;  taste,  odour,  density 

of.  289  ;  reaction  of,  290 

oonstitnents    of,   enumerated,   390 ; 

those  which  are  epecltlc  of.  290 

the  acids  and  their  derivatives,  290 — 

813;  the  colouring  matters  of,  and 
thetrdehvfttives.  B13 — 335  ;  the  mucoid 
nndeo -albumin  of,  335 — 338 

cholesterin,    fats,     soups,     lecithin 

and  remaining  orjjanic  constituents 
present  in  the  normal,  339 — 340 ;  the 
mineral  oonstitueuls,  including  the 
iron,  of,  341 ;  the  gaaes  of,  343 ;  sum- 
mary of  quantitative  composition  of. 
in  man  and  lower  animals,  344—347 


Bile,  recapitulation  of  the  facts  relating 
to  the  oKgin  of  the  specitic  constituenti^ 
of,  348—351 

the  action  of,  as  a  digestive  secretion 

diecassed.  351 ;  action  of,  on  starch, 
HoO ;  action  of,  on  proteids,  362  ;  the 
nature  of  the  precipitate  produced  by, 
when  added  to  chyme — the  researches 
of  Hammarslen  and  of  Maly  and  Emich, 
B53.  354  ;  the  action  of,  on  fats,  856 ; 
antiseptic  action  of,  discussed,  356 — 
366  ;  laxative  action  of.  359 

modifications  in  chemical  composi- 

tion  presented  by,  in  disease,  366;  'hae- 
moglubinocholia,'  866;  presence  of  al- 
bumin in,  3t)7 ;  presence  of  sogar  in, 
367;  presence  of  urea  in,  367;  preBenoe 
of  leucine  and  tj-rosine  in,  367  ;  ab< 
sence  of  biliary  colouring  matters  in. 
368  ;  summary  of  the  changes  observed 
in,  classified  under  particular  diseases, 
308 

induenoe  of  drugs  on  the  secretion 

of.  370 — 374  ;  elimination  of  medicinal 
and  poisonnufl  agents  b}'.  374  ;  passage 
of  pathogenic  micro-orgsnisms  into,  376 

methods  of  analyoix  of,390;  detection 

of  albumin,  sugar,  oxy-ha'moglobin  and 
its  derivatives  in,  391  ;  detection  of 
urea,  leucine  and  tyrosine  in,  3U2  ; 
determination  of  specuflc  gravity,  392 ; 
of  total  solids  and  salts,  H^i  ;  of  the 
mucoid  Qucleo-albumin,  392;  of  neutral 
fats,  8oa]M,  and  cholesterin,  393 ;  uf  the 
bile  acids  and  their  salts,  393 ;  of  the 
biliary  colouriug  matters,  395 

Bile  acids,  the  290—3(18;  introductory 
observations  on,  290 ;  Plattner's  crystal- 
lised bile,  291 ;  early  history  of,  re- 
searches on,  291—294 ;  description  of 
individual,  the  compounds  and  im- 
mediate derivatives  of,  294 — 308;  amido- 
aeids  which  result  from  decomposition 
of,  308—313 

origin  of,  346 

-  products  of  decomposition  of  in 
ffeces.  458 

Bile  colouring  matters,  the,  318—336 ; 
historical  introduction  relating  to.  313  ; 
bilirubin,  315 — 322  ;  biliverdin,  322— 
325 :  some  derivatives  of,  325 ;  hydro- 
bilirabin,  325 — 327  ;  biliary  urobilin, 
327:  bilioyanin,  828 ;  choletelin,  32U— 
332 ;  cholohiematiu,  332— S35  ;  bill- 
fascin  and  bilihumin,  335 

origin  of,  349 

Biliary  calculi,  irt  Calculi 

Bilicyanin.  preparation  of.  828;  physical 

and  chemical  properties  of,  329;  nataie 
and  relations  of,  329  ;  u«  aiso  Plate  I. , 
tipect.  3) ;  presence  of,  in  gall-siooes, 
883 

Bilifusoin,  335,  382 

Bilihumin.  335,  382 
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Bilk  acid,  a  prodnot  of  oxidntion  of 
cholalic  acid,  iiOG ;  probable  relation  to 
cbolalic  acid,  306 

BUiprofliD.  382 

Bilirubin,  315 ;  ooourrtinM  of,  315 ; 
methods  of  separation  of,  H16 ;  physical 
and  chemical  characters  of,  317  ;  com- 
pounda  of,  3L7 ;  ooiupoaitiun  and  for* 
mnla  of,  318;  action  of  nitric  and 
nitrous  acids  on  (Gmeti'n'i  reaction), 
819;  the  speetnim  of  the  latter.  H'iO; 
*ElirUch'e  reaction 'for,  321  ;  the  action 
of  bromine  on.  321 ;  calculi  of  calcium 
ootnponnd  of.  380.  388.  389,  390 

Biliverdin,  322  ;  oconrrenoe  of,  332;  pre- 
piu-ation  of,  3*23  ;  physical  and  chemical 
prnpertiofi  uf,  324 ;  cuoipoiutioQ  of,  and 
ittf  relation  to  bilirubin,  324 

BioT  and  Pbosoz,  discovery  of  the  dex- 
trogyrona  property  of  dextroBe,  37 

Birds,  digeetion  in,  173 

BzBCBUiB,  baeterimn  ascribed  by  and 
named  after,  454 :  observations  of  the 
fermentation  by  bact.  coU  com.,  i5o 

BisoHOFP  and  Voir,  composition  of  the 
fieces  of  the  dog,  as  inflaeuced  by  the 
diet,  4o7 

Biuret-reoction  for  albumoses  and  pep- 
tonefl.  139 

Blachstein,  researches  of,  on  the  produc- 
tion of  Invogyrons  lactic  acid  by  the 
•baoillns  typhi,' 464 

BuLNCHARD,  Rai.pb,  od  the  appendices 
pylorirae,  473 

Bloni'Lot.  cettablishment  of  gastric  fistula 
by.  73 

Bois,  on  resoroin  as  a  reagent  for  the  HCl 
of  the  fiastric  contents,  497 

BonK^it.W.,  on  the  fsocs  of  sucklings,  454 

'  Border  cells,'  or  '  Belegzellen,'  62  ;  func- 
tion of,  107  ;  experiments  to  determine 
whether  they  possess  au  acid  reaction, 
109 

BoRELLi,  the  chief  of  the  iatro-mathc- 
mfttical  school,  his  assertion  of  the 
existence  of  a  gastric  joioe,  the  product 
of  f^stric  glands,  67 

Braconn'ot,  contirmation  by,  of  Front's 
discovery  of  HCl  in  the  gastric  jnioe,  91 

Budoe,  infloenoe  of  nervous  system  on 
intestinal  seoretion,  410 

BiurK,  quoted,  76 

BniBGBBf  L.,  on  the  formation  of  indol 
in  the  putrefaction  of  proteids,  422 ;  bia 
diaoovery  of  skatol,  424  ;  on  the  normal 
non-occurrence  of  ptomaines  In  the 
intestinal  contents,  435  ;  uocnrrenoc  of 
putresoine  and  cadaveriu  in  cholera 
onlturea  and  siools,  436;  on  toxalbu- 
mins  in  cholera,  465 

BntF.OER,  L.,  and  C.  Fbakrkl,  on  the  tox- 
albumiDB  of  cholera.  465 

Bhixueh,  L,,  and  M.  Stadthaoex,  on  the 
fofces  and  urine  in  cystinuiia,  466 


Bxowk,  Horace  T.,  and  J.  HsBmr, 
searches  of,  on  starch  and  its  trao: 
mattons.  38,  39,  42.  49 :  on  the  action 
of  intestinal  juice  on  starch.  413 ;  on 
the  intestinal  inverting  enzyme,  414: 
ou  the  maltose-converting  vnxyme,  4iri 

BnoWN.  H.  T.,  and  Morris,  rescArohos  of, 
on  the  action  of  diastase  upon  starob. 
88,  42,  49 ;  on  the  det«nnination  of 
the  molecular  weight  of  tb«  ciubo- 
hydrates,  38 

BhOcke,  E  . ,  his  method  of  iaolaiiiif; 
pepsin,  H6  ;  his  hypothesis  as  to  mode 
of  production  of  acid  of  gastric  joiee. 
110;  his  method  of  determining  tht- 
quantity  of  pepsin,  188;  views  of,  on 
the  digestion  of  proteids,  116;  action 
of  the  bile  on  proteida,  853 

BnuNTON.  T.  IiAm>EB,  qnoted,  23 ;  hiJi 
description  of  method  of  establishing  & 
gastric  fistnla.  qnoted,  73 ;  on  tbt- 
laxative  action  of  the  bile,  quoted,  BS8  ; 
on  the  action  of  purgative  medicines. 
462 

Bruntow,  T.  Lauper  and  P,  Pra-SirrrB. 
on  the  nerve  centres  which  influence 
intestinal  secretion,  411 

Buccal  and  Ungual  glands,  seoretion  of. 
34 

Bullock's  acid  glyoerin  of  pepsin.  90 

Bcnos,  Oeor'ic,  his  '  Text-Book  *  quoted. 
164,  B48,  349,  351;  on  the  ftanetion 
of  the  intestinal  juice,  in  relation  to  the 
absorption  of  fats,  416 

BuBCH,  W.,  on  human  inteakinal  juice, 
408 

But^'rio  acid,  method  of  detecting  in 
gastric  juice,  100  ~ 


*  Cadaveriu '  or  pentamethylendiamin 
Cagniard-Latocr,  on  alcoholic  fermcnta' 

tion.  5 
Calculi,  I.  Salivaiy,  53 

II.  Biliary,  377 ;  oarly  observations 

on,  877 ;  frequency  of  occuxnenoe  of, 
377 :  physical  characters  of,  378  ;  atrnc- 
ture  of,  378, 387 ;  Naunyn'a  classification 
of,  :i80;  enumeration  of  oonatitnents  of, 
381 ;  bitifuscin,  biliprasln,  and  bili- 
hiimin  in.  38*i;  bilicyaoin  and  cbole- 
telin  in  383;  mode  of  formation  of, 
383 ;  incidence  of  in  relation  to  sex  aud 
age,  883,  384;  French's  theory  to 
explain  origin  of,  385 ;  Kanuyn's  tlieory 
aud  researciieB  on,  886 ;  reaolts  of  qoan- 
titntive  analysis  of,  389;  methods  of 
analvsis  applicable  to.  396 

III.  Intestinal,  467 

Capttan    and    Moreau,    on    the 

organisms  of  the  human  Btomach, 
Carbolic  acid,  influence  of,  on  dias 

action,  60 
Cash,  decomposition  of  neutral   bti 

Atomach,  155 
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Catalysis,  iheory  of,  6 ;  Liebig's  modiflca- 
iiou  ot,  7 

CelluloBe,  gues  evolved  in  the  bacterial 
decora  position  uf,  4t$7  ;  diget^tion  of,  by 
the  Herbivora,  4«0 

Cklscs,  a.  Cornel.,  the  views  of.  on  the 
nature  of  digestion,  <i4 

CuxjiooT,  OD  gall-atonest  377,  978,  879, 
3^,  3btl.  384 

Cbabi^s,  J.  J.,  on  the  gases  of  bile,  343 

Chenocholalic  or  ofaenochoLio  acid,  306 

Chenotaurocholic  acid,  8t)2 

'Chief-cells'  (UaaptzeUtin)  of  glands  of 
fnndus  of  ("tomach.  6'^;  pepftinog**n  in, 
10:< ;  daring  rest  and  activity,  100 

CHn,[>BEN,  conlirmation  of  Trout's  dis- 
covery of  HCl  in  the  gastric  juice.  91 

Cbittk.su£>',  R.  H.,  on  tbe  formation  of 
bypoxantbin  from  albntnin,  261 ;  on 
glyoocine  in  the  muHcular  tissue  of 
i'icten  irrndianjtf  30h  (jr«  u/>o  Ktihne 
and  ChittencJen) 

Cbittendex  and  Gbiswold,  on  the  in> 
flnence  of  dilute  acids  on  diastatiu 
activity,  156 

Cbittsndcm,  R.  U.  and  A.  J.  Hart,  on 
tbe  products  of  digestion  of  elusliu,  133. 
Uti 

CaiTTKNorK,  R.  U.  and  H.  M.  Painter, 
on   the    primary  cleavage-prodncts    of 
casein,  referred  to.  133 
Chittendek  and  (juith,  on  the  reaction 

of  mixed  saliva.  17,  156 
Cbolagogues,  370—374 
Cholalic  acid,  303;  mode  of  preparation, 
303 ;  physical  and  ohemica]  properties 
ol^  3()4  ;   salts  of,  304 ;    Mylins's  iodine 
composed  of,  305 ;  action  of  oxidising 
agents  on.  305  ;   empiriciLl  formula  of, 
SOo ;  etmctmul  formula  of,  and  relations 
of,    to  dehyd  roc  bill  alio  acid   and  bilic 
acid.  SOB  ;  anhydrides  of,  3U7 
Oboleio  acid,  the  name  first  applied  by 
8treoker  to  taurocholic  acid,  294  ;   the 
name  of  an  alleged  new  acid  obtained 
br  Latscbinoff  from  tbe  bile  of  the  ox 
(??),  308 

C^bolepyrrhin,  the  name  applied  by  Ber- 
Kelius,  to  the  colouring  matter  now 
known  as  bilirubin,  314,  313 

CThoIera,  Asiatic,  the  bacillus  of,  destroj'pd 
by  gaetrio  juice  and  dilute  hydrochloric 
acid,  171 ;  the  conteuta  of  the  gall 
bladder,  and  the  bile  in,  368 ;  the  stools 
in,  464  ;  analysis  of  the  stools  in.  465  ; 
cultare  of,  substancf^s  contained  in,  4()5 

*  Cholera -rtactioH,'  423,  465 

*  Cholera-red,'  $ef  'Cliolera-reftction,'  428 
Cholesterin  in  the  bile,  presence  of,  in- 
variable, 339  ;  the  riew  of  Kannyn  as 
to  the  origin  of  the  cholesterin  of  the 
bile  in  the  normal  condition,  contro- 
verted. 340 ;  calculi  of.  860,  831.  388, 
389 


Cholelelio,  829;  preparation  of.  330;  re- 
lations of,  to  the  bile  colouring  matters, 
380 ;  elementary  composition  of.  com- 
pared with  bilirubin  and  hydiobUirubin. 
331 ;  properties  of,  compared  with  those 
of  hydrobilirubin,  831,  332 ;  presence 
of,  in  gall-<ttoneR,  363 

Oholic  acid,  a  synonym  for  cholalic  acid, 
303 ;  formerly  signified  the  acid  now 
known  as  glykochoUc  acid.  294 

CbolobiL-nmtin,  expt-rimeuts  on  the  in- 
jection of  bile  containing,  into  the 
blood  of  dogs,  382 ;  first  obsen'ations 
on  the  hile  of  the  ox,  332  ;  the  observa- 
tions of  Hvynsius  and  Campbell,  on  the 
bite  of  the  ox,  332;  tbe  observations  of 
MaoMuun,  833 ;  tbe  observations  of 
the  Author  proving  the  non-existence 
of,  in  the  bile  at  tbe  time  of  death.  833 ; 
MacMunn's  method  of  separating,  334  ; 
description  of  the  spectmm  of,  334 ; 
relation  of.  to  bilimbin  and  biliverdin 
unknown,  335  {»«  Plate  11.  Spect.  IJ 

Choloidic  acid  (?).  307 

Oholonic  acid,  a  derivative  of  glykocbolic 
acid,  297 

Chorda  tympani  nerve,  effects  of  stimula- 
tion of,  on  flow  of  sabmaxillary  saliva, 
2d ;  ou  chemical  cum|K>.sition  of  the 
same,  30  ;  results  of  the  ^timulatiuu  of, 
differ  in  cat  and  dog,  31 

Chyme,  the,  defined,  154, 160 

CuuictAN  and  Maonakiki,  on  the  synthesis 
of  indol,  426 

CtcKBO,  M.  Till.,  his  vievs  on  tbe  natore 
and  ends  of  the  digestive  process,  64 

CiJifloK,  P.,  on  methylraercaptan,  506 

CLtevE.  P.  T.,  on  bilic  acid,  306 

Cloetta,  on  leucine  in  lung  tissue.  233 

'Coefficient  de  partage,*  explanation  of, 
97 ;  of  some  organic  acids,  97 ;  method 
employed  by  Richet  in  invoHtigating  the 
nature  of  the  acid  of  the  gastric  jaioe, 
97 

CoBN,  Felix  0.,  on  the  influence  of  arti- 
ficial gsstric  juice  on  tbe  acetic  and 
lactic  fermentations.  170 

CoBNueiu,  attempts  of,  to  separate  dias- 
latic  enzyme  of  aaliva,  38 ;  asserted 
that  the  salivary  diastatic  enzyme  is 
not  destroyed  by  digestion  with  pepsin 
and  hydrochloric  acid,  157  ;  attempts 
to  separate  the  pancreatic  diastatic 
enzyme.  209 

CoHKHErv  and  Littbn,  effects  of  occlusion 
of  hepatic  artery  on  nntrition  of  the 
liver,  284 

Coi.is,  established  pancreatic  fistuls  iu 
targe  rumiuHnts  and  donkeys,  195  (foot- 
note) ;  obfter>'ations  on  the  digestive 
organs  of  Herbivora.  476 

Concretions,  atf  Calculi 

*Conffo  rtd,'  as  a  reagent  for  the  free  acid 
of  the  gastric  juice,  94,  496«  497 
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CoravAN,  8.  M.  ftud  W.  B.  Winston,  cam 
of  biliary  fieluia  in  the  haman  subject, 
invealiKated    bj  them,   274,   *J77,    288, 
34o,  346 :    growth  of  microorganisms 
in  culture  ooedia  oontainin),'  bile,  356 
CoRprA,  H..  on  the   production  of  bili- 
rubin when  blood  is  injected  into  the 
abdominal  cavity.  849 
CoHTisABT.  LccuN.  the  discoveries  of.  on 
the  proteolytic  activity  of  the  pancreatic 
jiiiue,  21(J  etsti({.;  mutually  dofllruclive 
Action  of  trypsin  and  pepsin,  444  (foot- 
note) 
CouBvoisiEn,  ProfesHor,  refeieuoe  to,  361 
CBtTTRiLniBn,  on  ga11-stouo9.  377.  386 
Cystinaria.  the  fwoes  and  urine  in,  466 
Cystine,  ocoorrence  and  constitution  of. 

405 
CzF-iiNV  and  his  pupils,  experiments  es- 
tdblit^hing  the  possible  surnval  uf  do^a 
After  complete  removal  of  the  stumnch, 
16S 
CzaaxT  and  Latscbcxberqea,  on  absorp- 
tion in  the  large  intestine,  453 

Danilbwaki,  attempt  of,  to  separate  the 
pjiucreatic  diu»^tatic  enzyme,  208  ;  at- 
tempt of,  to  separate  the  proteolytic 
ferment,  218 

BsritssNE,  assertion  of,  that  the  salivary 
diastatic-enzyme  resists  the  action  of 
pepsin  and  hydrochloric  acid,  157 

Dehydrocbololia  acid,  305  ;  its  constitu- 
tiun  and  probable  relations  to  cholalic 
and  hilic  acids,  300 

Dellping,  on  the  iron  in  liver  in  pernicious 
anremia,  H50 

Demakt,  on  human  intestinal  juice,  408 ; 
digestive  action  of,  413 

DxMABOAT,  U.,  researches  of,  on  the  bile 
adds,  21)3 

DxiiCAnrEs,  Ben^,  a  supporter  of  the 
iatru- chemical  sohool,  66 

Deutoro- album  ose,  129,  485 ;  separation 
frum  proto-albumin,  488 

DuKONow,  excretion  of  indigo-carmin  by 
the  liver,  876 

Diamido- acetic  acid,  230 

Biarrhc&a,  stools  in,  method  of  examining, 
468 

Diastase,  discovery  of  b^  Payen  and 
Fersos,  5,  36 ;  comparison  of,  with 
diastatic  enzyme  of  sahva,  50,  51 

Diastase,  salivary,  a  synonym  lor '  ptyalin,* 
18 

*  Di&staaimctry,  *  56 

Disstatic  enzymes.  9 

enzyme  : 

I.  Of  saliva.  36 ;  discovery  of  action 
«xerted  by,  30;  stndy  of  products  of, 
37 :  attempts  to  separate,  38 ;  yet  un- 
known in  a  state  of  purity,  3^ ;  changes 
which  starch  undergoes  under  influence 
of,  39 :  specific  rotation,  reducing  power 


and  reaction  with  Iodine  of  chief  pro- 
ducts of,  on  starch.  43  ;  action  of  dilute 
acids  upon,  156;  destmction  of,  in 
stomach,  157 

XL  Uf  pancreas  and  pancreatio  joite, 
208  ;  history  of  the  discovery  of,  903 : 

£  reparation  of  solutions  of,  204.  205  ; 
egree  of  activity  of  extracts  or  soln- 
tious  from  the  pancreas  of  diflereat 
animals.  205  ;  products  of  the  action  of. 
205 ;  temperature  most  favonrable  to 
actioa  of,  205 ;  rapidity  of  action  of, 
influenced  by  quantity'  of  cjizjme,  206  ; 
estimate  of  the  uctinty  of  thepancrt«tic 
diastatic  enzrme,  206 ;  relaCiTediAatatic 
activity  of  the  pancreatic  tissoe  of  the 
ox.  sheep  and  pig.  206 ;  probable  exist- 
ence of  a  sytnogen  of,  207  ;  grounds  for 
assuming  the  mdependeuce  of,  208 ; 
attempts  to  isolate,  by  Bouchard&t  aod 
Bandnis,  208;  by  DanilewHki,  206;  by 
Cohnhcim,  209;  by  v.  Wittich,  209*; 
chemical  composition  of,  210 
UI.  Of  intestinal  juice,  413 

Diffusibility  of  albumoses  and  peptones, 
48.) 

Digestion,  de6nition  of  the  prooesa  of,  3  ; 
process  of,  in  the  living  stomach,  151  ; 
general  sketch  of  digestion  in  living 
stomach,  152  ;  duration  of,  159 ;  fijial 
products  of,  which  leave  the  stomach, 
IGO 

of    collagen  and    gelatin,    145 ;    of 

ohundrinogen  and  chondrin,  145 ;  of 
mucin,  146  ;  of  elastin,  146 ;  of  oit- 
bffimoglobin,  147 

DiSQUE,  L.,  researches  of,  on  hydrobili- 
rubin  referred  to,  826 

DoBBosLAwm,  on  diastatio  action  of  in- 
testinal juice,  413 

DaEcasci.,  E.,  methods  of  effecting  the 
decomposition  of  proteids,  235 ;  prepara- 
tion of  leucine,  236  ;  on  urnithin,  244  ; 
history  of  his  diitcovery  of  lysine,  254  ; 
his  employment  of  pfaospho-tungstic 
acid  to  precipitate  the  bases  resoltin^ 
from  the  decomposition  of  the  albu- 
minous molecule,  255 ;  discovery  of 
lysatinine.  256 ;  found  that  lysatinine 
decompoBBH  with  the  formation  of  urea, 
258  ;  his  criticism  of  the  statement  that 
hypoxanthiue  is  a  product  uf  the  diges- 
tion of  albumiuous  bodies,  2G2 ;  hit 
modification  of  Fettcukofer^s  reactioa, 
2H8 

DascHBEZ..  E.,  and  Tb.  R.  KaOon,  on 
lysine,  255 

DitKaeuEa,  W.,  on  the  sulphur  of  the  Cbom, 
458 

DuBRANFAnT,  diBCOTery  of  maltose,  S7 

Dumas,  his  analyses  of  the  bodies  obtained 
from  bile  by  Demaroav,  293  {$f<  Pdoute 
and  Dumas) 

Duncan,  Johk,  reference  to   the  case  in. 
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whioh  be  established  a  biliary  BstaU  in 

&  womnn,  '275 
DuNOUBOM  and  Euubtt.  oonflrma  Prout'g 

observations    on    proMeuoe    of     hydro- 

chlorio  acid  in  gaatric  juice,  91 
DuTSKMoi,  on  the  liquid  secreted  by  the 

•crop'  of  bird*.  475 
Byt-albumuse,  131 
Dyientery,  the  stools  in,  465 
Dyalysin,  307 
Dyspepeia,  gastrio  digestion  in.  173 

L  Flatuleuc,  179:  the  vomited  matters 

in,  174  ;  the  t;aBefi  in,  174  ;  the  gastrio 

juice  in.  174 

II.  Acid,   175 ;  tlie  vomited  matters 

in.  175  ;  the  percentage  of  aeid  in,  175  ; 

OGOorrence  of    'pyronit'   in   175;   the 

saliva  secreted  in  connection  itith,  175 
in.  Atonic,  175 
IV.  In  connection  with  phthisis  pal- 

monalis,  175 
pjBpeptone,  of  Meissoer,  116 


Ebcbls,  experiments  of,  on  artificial  K&-4- 
tric  juioe,  70,  81 ;  observed  the  property 
of  a  watery  infusion  of  paocreaa  to 
emolaify  oil,  310 

Ebstein  and  QbOtznbr,  on  the  seat  of 
formation  of  pepsin  in  the  stomach, 
101 ;  on  pepsinogen.  101 :  on  acute 
gastritis  induced,  experimentally,  by 
aloobol,  176 

EcK,  La  Fistule  d\  285 

EcsHAXD,  innervation  of  parotid  gland 
(foot>note),  22 ;  asserted  absence  of 
snlphoc^anicacid  in  submaxillary  saliva, 
37 ;  on  influence  of  stimulation  of 
nerves  on  snhmHxillary  secretion,  31 

EniKOBfi,  on  the  acid  of  the  gastrio  juioe 
in  fever,  173 

EcKXifa,  J.  S.,  on  the  non -absorption  of 
water  by  the  stomach,  440  {see  also  Lea 
and  Edkins) 

*Ehblicu*8  reaction,'  321 ;  description  of 
■peotmm  of,  b>*  Knikenberg,  321 

KicBHOBST,  H.,  00  the  absorption  of  albu- 
minous matters  by  the  large  intestine, 
452 

Ellagie  add,  468 

*  Emer&ld-green. '  as  a  reagent  for  the  free 
fiCl  of  gastric  juioe,  94 

Emicb.  F.,  see  Maly  and  Emich 

Bmulsionixing  property  of  the  pancreatic 
juice,  211  {tee  pancreatic  juice,  enzymes 
of) 

En»krlii«,  analysis  of  fsces,  460 

Ekokl  and  Vii.main,    specific  gravity  of 

leucine,  240 
dvomiJiAKii,  on  tntra-cellalar  digestion, 

471 
ClnzymeB.  contrasted  with  ferments,    4 ; 
solubility  of,    4,    5 ;  nature   of  action 
exerted  by,  and  theories  to  account  for, 
6 ;  diifervnoea  in  their  action,  9 ;  oir- 


cumstanoes  which  influence  activity  of, 
9  ;  destruotion  of.  during  activity,  10 

Eelkkueyeb,  mode  of  separation  of  the 
gastrio  rennet-enzyme.  149 

Eri.exhkter  and  Lipp,  on  the  syntheaiB 
of  tyrosine,  248 

Eai^VNUETKn  and  BcndiTKR,  on  the 
amount  of  leucine  yielded  by  different 
tissues  when  treated  with  sulphuric 
acid.  237 ;  on  the  amount  of  ;yroaine 
obtained  under  the  same  circumstances, 
246 

Er^-tUrodextrin.  40 

ErziNOEn,  digestion  of  gelatin,  145;  of 
elastin.  146 

EwAi.D,  C.  A.,  property  of  gastrio  juice  to 
check  fermentatlocs,  170  ;  his  lectures 
on  digestion  quoted,  476 


Fieces,  the,  in  health.  466 ;  roaotion  of, 
457  ;  microscopic  oharaotera  of,  458 ; 
biliary  derivatives  in.  •456  ;  fats  and 
cholesterin  in,  459 ;  excretin  and  ex- 
cretolic  acid  in,  459 ;  mineral  matters 
in,  460  ;  results  of  quantitative  analysis 
of,  460 

in  disease,  462 ;  in  jaundice,  463 ; 

in  diseases  of  the  pancreas,  402  ;  after 
purgative  medicine,  462;  method  of 
examiuing,  in  diseaaes  associated  with 
diarrhceSf  463 ;  in  typhoid  fever,  464  ; 
in  cholera,  464 

FAUtt.fnr,  Mr,  of  Leeds,  reference  to  his 
analyses  of  the  bile  in  Mr  Mayo  Bob^ 
sou'h  case  of  biliary  fiatuls,  275 

Falk.  on  the  action  of  gastrio  juice  on 
pathogenic  organisms,  171 

F^o.  on  the  action  of  commercial  peptones 
(albumoses)  in  restraining  the  coagula- 
tion of  the  blood.  140.  162 

Fat^ecomposing  enzyme,  of  pancreas, 
210  {nee  pancreatic  juioe,  enzymes  of,) 

Fellio  acid  (?),  308 

Fenwick,  on  the  significance  of  the  sulpbo- 
cyanic  acid  of  the  saliva,  20 

*  Ferment  fmuUif,'  212 

FennentatioD,  Cagninrd-Latoar  on,  5 ; 
Theodor  Schwann  on,  5  ;  Pasteur's  re- 
searches on,  8  ;  J.  R.  Mayer's  concep- 
tions of  the  nature  of,  9 

lactic  and  butyric  in  intestines,  437 

FicK  and  Mdrihikk,  on    the  digestion  of 

oold-blooded  animals,  473 
FiLEHNE,  W.,  on  hiemoglobinocholia.  366 
PiscffEB,    Emil,    researches   of.    on    the 

sugar-group,  referred  to  (foot  note),  48 
Fischer,  Ernst,  on  the  products  of  decom- 
position of  gelatin,  255,  259 
Fistula,   parotid,  23;    submaxillary,  36; 

gastric,   73  ;    pancreatic,    192 ;    biliary. 

267  ;  Eok's,  between  portal  v.  and  the  v. 

cava  inferior,   385  ;  Thiry's   intestinal. 

406 ;  VeUa's.  407 
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Tm,  A.,  on  th«  fermenUtlon  of  glycerin, 
425 

Flaux  Max.,  od  the  digestion  of  cold* 
blooded  ftnimBlfl.  478 

Flint  Acstk?,  Jow.,  on  '  steroorin/  459 

FL6onE,  P.  C,  on  MiUon's  Teaotion,  420 

FLEitiCHi.,  v.,  re-abftorptiou  of  secreted 
hilQ  by  the  lympbfttioi,  387,  359 

FoBTKB,  MioaASL.  tufl  Xext-book  of  Phyiio- 
logy  quoted,  386,  397.  398,  399.  400; 
roBearcbes  of^  on  glycogen,  referred  to, 
471 

FouBCROT  and  Vauqcelin.  tbeir  viem  aa 
to  the  nature  of  the  bile,  291 

Fbjlnk,  Em  on  the  action  of  the  gastric 
juice  on  patbogenio  organisms.  171 

FuBiOBB,  F.  J.,  on  the  alkalinity  of  the 
•aliva,  17 ;  analyaia  of  uitxed  aaUva. 
21 ;  on  the  origin  of  the  actda  in  flatu- 
lent dyspepaia,  174  ;  discovery  of  leucine 
and  tyrosine  in  the  blood,  li\'er  and 
urine  of  acute  yellow  atrophy,  and  in 
phoaphomB-poisoning,  283 ;  specifio 
gravity  of  human  bile,  289  ;  total  solids 
in  human  bile,  345  ;  hia  doctrine  of 
'polycholia,'  361;  on  jaundice  urine 
vbich  does  not  exhibit  Umelin'a  re- 
action, 366 ;  on  albumin  in  the  bile  in 
cases  of  pasaive  cougotition  of  the  liver, 
867  ;  on  metallic  mercury  in  gall-atonea, 
381 :  theory  of,  to  account  for  origin  of 
gall-atones,  38o;  method  of  obtaining 
intestinal  juice,  400 

Fbsrichs  and  Btahkukb,  belief  of,  that 
the  bile  acide  ooald  be  oo&verted  into 
bile  culunring  matters,  862 

FaiEDLiMxtKB,  v..  and  C.  Babihoh,  on  the 
pressure  under  which  the  bile  ia  aeureted. 
387 

Frog,  principal  seats  of  formation  of 
pepRin  and  hydrochloric  acid  in.  107 

Furfurol,  substitution  of,  for  sugar,  in 
Pettenkofer*9  reaction,  298 

Gaitxy,  Mm  researches  of,  on  the  'baoiUua 
typhi.'  464 

Gall-bladder.  dropHy  of,  369 ;  empyema  of, 

370 
.Oases,  of  the  bilo,  &4S  ;  of  the  small  in- 
testine, 438 

—  of  the  stomach  in  flatulent  dys- 
pepsia, 174 ;  of  the  smalt  intestine, 
438 ;  of  the  large  intestine,  466 

Oastrio  catarrh,  acute,  176 

ohronio,  176 

digestion,  61 ;  historical  prelimi- 
naries relating  to.  64 ;  chemical  agents 
which  hinder,  84 ;  in  diaease,  163 ;  in 
fevers,  173 ;  in  dyspepsia,  173  ;  in  acute 
gastric  catarrh,  176 ;  in  chronic  gastrio 
catarrh,  176;  in  gaatrio  oloer,  176  ;  in 
cancer  of  the  stomach,  177  ;  in  amyloid 
degeneration  of  stomach,  177 ;  in  chronic 
atrophy,  177 


Gastric  jnioe,  mode  of  obtaining,  70 ;  in- 
fluence of  nervous  system  apon,  76: 
cireuroatanoea  which  provoke  ita  flow. 
77;  influenoe  of  mental  slates  opon, 
77  ;  secretion  of,  apparently  iadepen- 
dent  of  central  nervona  Bystem,  7ti: 
physical  and  chemical  characters  of.  79 ; 
essential  oonatitnenta  of  summariMd, 
79;  various  reactions  exhibited  by,  30; 
results  of  analyaes  of,  80  ;  artifloial,  Bl; 
method  of  preparation  of  the  latter,  82 

acid   of,    90;    Prout'a   diaoovery  of 

hydrochloric  acid  in,  91  ;  Lehmami'i 
discovery  of  lactic  acid  in,  91 ;  C. 
Schmidt's  reeearohea  on.  9S ;  ooloar 
reactiouB  dependent  on,  93, 495 ;  nature 
of,  diftcuBaed,  95 

Reactiotu  dependent  on  prtwence  of  Afdrv- 
ehlorie  acid  in  fftutrie  juiee  : 

Kabuteau's  reac,  93 ;  Beooh'a  r..  98; 
methyl-anilin  violet,  93;  OO-tropcolin, 
94,  496 ;  congo-red,  94.  496 :  em«nld- 
green,  94  ;  phloro-gluoin  and  vaniQin, 
94,  496  ;  benzo-purporin,  95 ;  icaordn, 
497 

Beats  of  formation  of  the  pepsin  and 
hydrochloric  acid  of,  100 ;  seat  of  forau- 
tion  of  acid  of.  107 ;  theories  as  to 
mode  of  production  of  add  of.  110; 
antiseptic  action  of  169  et  seq.  ;  Tarin* 
tiona  of  pepsin  and  acid  in,  114 

In  disease.  Use  of  the  atomaoli- 
pump  and  hoUow  gactrio  souiid  ia 
collecting,  165 ;  chaogea  in  the  aoidi^ 
of,  167 

Action  of.  in  checking  fennantatioBv, 
170 ;  on  pathogenic  organiama,  171 ; 
determination  of  free  HCl  in,  180;  of 
tho  jiro[>ortion  of  acids  soluble  in  viter 
and  ether  in,  181 

Action  of,  and  of  constituents  of,  en 
proteids,  114 

Gastric  ulcer.  176 

GiDTiBB,  his  Chimie  Biologiqne  qnoUA. 
867 

GzoEK&ACB,  Cabl,  hifl  Elemejitfi  of  Com- 
parative Anatomy  quoted.  471,  473,  474 

Gbhuauut,  C.  on  nrobilinoria,  366 

GiA-Nczai,  '  demilones  *  or  '  lunal» '  oC  ^ 

GiuisBT  and  Gibodb,  obaervatioiu  o^< 
proving  the  bile  to  be  sterile,  376.  S87 

Gizzard,  the,  476 

Glanda,  salivary,  10  et  seq.  ;  boocal  acd 
lingual,  34  ;  of  fundus  of  stomaob,  t^> 
106  et  Boq. ;  of  pyloric  end  of  atomaeb, 
63,  100  et  seq. 

Glass,  on  tlie  influenoe  of  salta  of  flodios^ 
on  the  secretion  of  bile,  374 

Gubsoh'b  views  on  the  functions  of  tta* 
liver  quoted,  360 ;  on  dropsy  of  tb« 
gaU-bladdor,  869 

Glutamic  acid  {tee  Amido-pyrolartan' 
acid),  252 

Glyoooino,  occurrenoe  of,  808 ;  nod*  o' 
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l^rapankion  of,  S09 ;  svntfaeeis  of,  SIO ; 
physical  uul  ebemicai  properties  of, 
310;  oompounds  of,  311;  methods  of 
identaficfttion  of,  311 

Glyoocoll.  the  glycooine,  308 

Olykocholic  acid,  294;  modes  of  prepara- 
tion of,  29o ;  physical  and  chemical 
properties  of,  296;  its  sodium  oom- 
poand,  296 ;  products  of  decomposition, 
297 

OsrBi.n4,  BcBKHABP,  researches  on  the 
constitution  of  leuoine,  236  ;  solability 
of.  340 

Ojulix,  Lbopolo,  researches  of.  on  the 
bile  acids,  tf93;  on  the  bile  colouring 
matters,  314 

'Gmei^ih's  fieaction,'  314,  819  ;  spectrum 
of.  320 
^BODsiB,  .lomt,  find   discuvered  Sarcina 
^^■imrirufi  in  contents  of  hnman  stomach, 

Qonup-BEtuNEz,  v.,  on  the  presence  of 
leucine  in  certain  invertebrates  and  in 
seedling  retoh  plants,  233 ;  on  amido- 
valerian ic  acid  in  the  paooreas,  244 ; 
on  Nenoki's  sparingly  soluble  leucine, 
M4;  analysis  of  healthy  human  bile 
from  gall-bladder,  345 

Oaaaf  dk,  od  dropsy  of  the  gall-bladder, 
B<$9 

OftBEMVooD,  Miss,  researches  of,  on  the 
intracellular  digestion  of  certain  Rhizo- 
poda,  469 

Gkew,  Nehruiab,  his  obser\'ations  and 
specalations  on  digestion,  66 

Oaass,  PsTEB,  his  discovery  of  the 
metapheuyleudiamin  test  for  nitrites.  20 

GaimTos.  A.  B.,  on  the  so-called  liver  of 
cephalopoda,  47S 

Obcnhaoes's  method  of  determining  the 
relative  activity  of  dijlerent  samples  of 
pepsin,  182 

GafiTZNEK,  on  salirazy  glands,  12 ;  on 
▼ariations  in  amount  of  pepsin  in 
macoofi  membrane  of  fundus  of  sto- 
mach, duriuK  diKestioo,  lOS;  on  the 
oorrespondonoc  between  the  richness 
of    the   gastric   mucuus   membrane  in 

Sepsin  and  in  chlorides,  110;  method  of 
etermining  relative  activity  of  samples 
of  popfiin,  1B3  et  aeq. ;  on  the  glands  of 
Brunner,  400 :  researches  of,  on  fat- 
splitting  ferment  of  the  pancreas,  213, 
214.  215,  216 

^acoatLLEN,  method  of  testing  for  snlpho- 
cyamc  aoid  in  saliva,  19 

»^Yi&niDe,  in  pancreatic  tissue,  discovery 
of,  by  Soherer.  261 

^^yzBuaa's  reagent,'  496 

athniBBocx,  on  uric  acid  in  gall-stones, 
381 

C^iTirxLBvsKi,  on  intestinal  secretion,  409 ; 
on  diostatio  action  of  intestinal  iuiee, 
413 


GuKDLAca,  CandAo.  St&ecksr,  InTostiga- 
tions  of.  on  the  bile  of  the  pig,  294 

Heematin,  relation  of,  to  bilimbin,  350 

Hsematoidin,  identity  of,  with  bilirubin, 
315.  349 

Effimatoporphyrin,  product  of  reduction 
of,  3oO 

*  Effimosiderin,'  349 

EjiLLKH,  Ai.B.  voK,  Qu  tho  actioQ  of  Mods 
on  bile,  313 

Hallzudbtod,  on  the  nomenclature  of 
albumoees,  133 ;  a  table  illustrating 
composition  of  bile  of  various  animala 
quoted  from  his  Text- Book  of  Chemical 
Physiology,  847 

Hamuahstbn,  Outrr.  on  the  indifTusibility 
of  pepsin,  83 ;  his  researches  oo  the 
rennet-enayme  of  the  stomach  and  its 
action  on  casein,  147  et  seq. ;  his  hypo* 
thesis  as  to  a  lactic  aoid  en2yme  in  the 
stomach,  151 ;  discovers  dehydrochoUo 
acid,  305 ;  finds  bilirubin  to  be  constant- 
ly present  in  the  blood-serum  of  the 
horse.  315 ;  researches  of,  on  the  nuoleo- 
albumiuE,  336;  bis  studies  of  mucin 
and  mucin-Uke  bodies,  336 ;  tho  re- 
searches  ouuducted  auder  his  direction 
on  the  mucoid  nucleo-albumin  of  bile, 
33G ;  action  of  bite  when  mixed  with 
chyme  studied,  853 

Happel,  on  the  solubility  of  choleaterin  in 
solutions  of  the  salts  of  the  bile-aoids, 
38o 

Haklbt,  GsoRas,  reference  to  a  case  of 
biliary  fistula  observed  by  him,  272; 
his  former  behef  in  jaundice  txom  non- 
elimination,  861,  365 

Harlet ,  Vau a u AN.  on  the  persistent 
absence  of  jaundice  after  simultaneous 
ligature  of  the  common  bile  duct  and 
of  the  thoracic  duct,  359 

Harbib,  Vincekt  D.,  and  W.  J.  Gow,  on 
the  pancreatic  enxymes,  204,  446 

HLAsrwETZ,  H.,  and  J.  Habbrmawh.  their 
methods  of  splitting  up  the  proteid 
molecule,  and  the  products  which  they 
obtained,  235,  251,  364 

Haslau,  experiments  on  the  acid  of  the 
gaatric  jaioe,  98 

Hat,  Maitbbv,  researches  of,  on  purga- 
tives. 462 

Hatem  and  Wixter,  method  of,  for  deter- 
mining acid  of  gastric  contents,  oOl 

HxDtK,  b.  G.,  on  lyaatiue  a*  b  product  of 
decomposition  of  fibrin  by  trypsin,  255, 
269 

HamBNRAis,  BuDOLP,  his  discovery  of 
zymogens,  4  ;  his  researches  on  the 
structure  of  the  aahvary  glands,  11 ;  his 
distinction  between  eeoretory  and 
trophic  nerves,  13  ;  his  discovery  of 
structural  changes  acoompanying  ao- 
tivity  of  glands,  15 ;  his  researohas  on 
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ibe  nerves  which  inftuenoe  the  parotid 
Moretion.  22 ;  rariation  in  chemical 
composition  of  parotid  ealiva  according 
to  nerve  stimuiated,  35 ;  inflaence  of 
Btimalation  of  chorda  tympaui  on  eecre- 
tion  of  submaxillary  saliva,  29  ;  amount 
of  flolid  matters  in  some,  aftor  Btimala- 
tion of  sympathetic  nerve,  31  ;  hU  study 
of  effeote  following  section  of  chorda 
tympani,  32 ;  referred  to  in  reference  to 
gaHtrio  fiBtnlft,  73  ;  his  method  of  iao- 
lating  the  pyloric  end  of  the  stomach, 
and  of  obtaining  the  pyloric  secretion, 
104 :  on  the  minute  structure  of  the 
pancreas.  189  ;  on  the  intluence  eierted 
by  pilocarpine  on  the  pancreatic  secre- 
tion, 197;  hiii  views  as  to  the  iunervation 
of  the  pancreas.  197  ;  bis  researches  on 
the  changes  in  the  cells  of  the  pancreas 
during  rest  and  activity,  197;  his  dis- 
covery of  the  change  in  the  secreting 
cells  of  the  pancreas  oorrefjpouding  to 
different  states  of  activity,  and  of  the 
zymogen  of  the  proteolytic  ferment, 
21B ;  effects  of  blood-letting,  seotion 
and  stimulation  of  spinal  cord  and  of 
splanchnic  nerves  on  the  secretion  of 
bllfl.  386  ;  the  pressure  under  which  the 
bile  il  secreted,  287  ;  relation  between 
preBBure  under  which  bile  is  secreted 
and  pressure  in  snp.  mesenteric  vein.  2iS7 

HsntTZ,  W.,  discovery  by,  that  the  curdling 
ferment  of  the  stomach  acta  in  uentral 
and  alkaline  solutions,  147  :  researches 
of,  on  the  colouring  matter  of  gall- 
stone:*,  31.5;  on  the  oonverition  of  bili- 
mbln  into  biliverdin  by  the  absorption 
of  oxygen,  324 

Heintz  and  Wiblioencs.  on  the  bile  of 
the  goose.  302 

Belmont,  vax  Jobati  Baptxbta,  first  intro- 
duced the  idea  of  fermentation^  to  ex- 
plain digestive  action,  65 

Hemala,  Ricn.,  tryptophan.  204;  onLe^ars 
rtaetinn,  423 

Hemialhnmin,  of  Schtitzenberger,  117 

Hemi-albumose,  the  term  by  which  KUhne 
first  designated  a  mixture  of  certain 
albumoses,  121,  124  ;  method  of  obtain- 
ing and  separating  into  its  constituent 
albumoses,  125 

Hemipeptone,  IIH 

Hemiproteidiu,  Sohiitzenberger's,  117 

Hcmiprotein,  Sehutzenberger's,  116 

Henncdeiu)  and  Stobmanh,  researches  of, 
on  the  bacterial  decomposition  of  cellu- 
lose, 41)7.  481 

Hennlnoeb,  preparation  of  peptones  {mixed 
with  albumoses),  136 

Herbivora,  digestion  in,  475 

HxBiTscH,  the  property  of  the  pancreatic 
tissue  and  its  extracts  to  decompose 
aoetio  ether,  214 

HxBMANN,  Max,  on  Ibe  cttcGl  ol  VnipfttAOu 


of  water  into  the  blood  on  the  i 
of  bile  pigment  in  the  urine,  36s 

Hkbok,  9tt  Brown  and  Heron 

Hkbaouk.  £.  F.,  $ef  Yeo  and  Herroou 

HEnTBR,  analysis  of  miEod  bumaa  Mlivi, 
21 ;  his  analyses  of  normal  aubmaxilbrf 
saliva  of  the  dog,  27 

Kebth,  preparation  of  peptones  (nuei 
with  albumoses),  136 

He tero -album  ose,  127  ;  analyse*  ol^  U9 

HciTKaiiA5.  GEOBa,  reference  to  hii  «idu 
313 

HETKstrs  and  Oampbeix,  on  tba  pndoBH 
of  oxidation  of  the  bile  eoIoariBC 
matters,  and  their  spectra,  3J0;  iS- 
tempts  of.  to  aep&rate  bilicyanin.  339; 
their  dewription  of  the  speotrum  nf  kd 
alcoholic  solution  of  ox  bile,  332 ;  od  ih^ 
oolouriog  matter  of  the  fieoea,  456 

Hit.x>aBRAxn,  on  the  dyspepsia  of  pbfiiiiieil 
patients.  176 

BiNTERBBROEB,  F..  OH  cxcretin,  4£d 

Hippocrates,  the  views  of,  on  the  baIsr 
of  digestion,  64 

HiBBcaruj),  £..  inflaence  of  dilute  wik 
on  fermentatious,  170 

HiRBCHLBR,  production  of  NH|  in  pta- 
oreatic  digestion,  260 

HorMANN,  Karl  B.,  his  '  Lehrbuah'  t^ 
fened  to,  249,  253.  467 

HorvAMv, Bkzwh. ,  hia  reaction  for  tyrocisc 
250 

HoFUEisTEB,  Franz,  compound  of  tyrosiiu 
with  copper,  250  ;on  the  uae  of  phoflpho- 
tungstic  ncid  to  precipitate  kyoniic 
add,  creatinine  and  xanthine  (foot- 
note), 355 

HomxiSTEB,  Victor,  on  the  digestioo  of 
cellulose  by  the  horse,  4^0 

HoLunREN,  referred  to,  concaming  gutnr 
fistals.  73 

Hoppe-Seti^r,  Feuk,  on  the  aeentioo  of 
bile  during  prolonged  abstinenee,  276; 
on  the  variationa  in  the  flow  of  biW 
daring  a  digestive  period.  276,  279  ;  x 
tauro^olio  acid,  300 ;  on  cholonic  add 
297;  on  dysl^sin,  307;  on  ohoJotdW 
acid,  307 ;  hu  obeenrations  oa  tba 
spectrum  of  the  bile  of  the  ox,  332 ;  os 
the  Iron  in  the  bile,  342  ;  on  IbeabMow 
of  free  oxygen  in  the  bile,  343;  Im 
analyses  of  human  bile^  346;  analtws. 
of  bladder-bile  aud  fitttula-bile  in  oo^ 
347  ;  on  hsmatoporphyrin  and  the  pro- 
duct of  its  reduction,  350  ;  on  the  bak 
of  Amphioxu*,  350;  analyse*  of  1B^ 
oonium,  461 ;  on  the  gosea  prodoaol 
during  the  bacterial  deoompontioo  fi 
cellulose,  467 

Ho&BAczEWSKX,  OD  the  djgestioa  of  ala^ 
and  its  products,  146 

Horse,  digestion  in.  477 

HdTNEB,  G.,  his  criticism  of  the  00009- 
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traoec  of  a  proteolytic  enzyme  la  the 
■alivft  of  the  pig.  18 ;  his  experiments 
on  the  pancreatic  enzymeSt  209 ;  hia 
researches  on  tho  constitntioD  of  leaciue, 
SS4;  oa  a  rapid  method  of  preparing 
^jkooholic  aoid  from  ox  bilD,  295 :  on 
the  gases  produced  iu  the  bacterial  de- 
composition of  proteidfi,  467 

SoNTEB,  John,  on  post-mortem  digeation 
of  the  stomach,  IGO ;  on  the  secretion 
formed  in  the  crop  of  breeding  pigeons, 
475 

BuNTBB,  W.,  on  the  iron  in  the  lirer  in 
pemidoufi  auipmia,  350 

Hydrobilirubin,  335  ;  preparation  of,  325  ; 
relationti  of,  tu  bilirubin,  336 ;  reactions 
and  spectroscopic  characters*  326 

H3rdroparaouznario  aoid,  4*29 

'  Hydrops  cystidis  felleje,'  :J69 

Hyoobolcic  acid,  the  name  applied  by 
Strecker  to  hyotaorocholic  acid,  303 

HyoehoLio  acid,  the  name  origlriaUy  ap- 
plied by  Gandlaoh  and  Strecker  and  by 
Streckor  to  hyoglykocholic  acid.  299 

Hyoglykocholic  acid,  299 ;  method  of 
separation  and  properties,  299;  re- 
SMTohes  of  Jolin,  on.  309 ;  method  of 
preparation,  299  ;  properties,  299 

Hjolauroobolic  acid,  502 

fiypoxantine,  discovery  of  in  pancreatic 
tisnue  by  Chittenden,  261  :  obtained  as 
prodnots  of  tlie  digestion  of  blood-librin 
with  pepsin  and  trj'pein,  by  Salomon 
and  KrauM*.  2G1 ;  in  all  thetie  ca^eK  is 
doubtless  derived  from  the  decomposition 
of  naoleins  (Kossel).  261,  262,  263 

latro- Chemical  School,  views  of  the«  con- 
I  ceming  the  process  of  digestion.  65 

I        lotcrus,  or  jaundice,  859  ;  definition  and 
I  mode  of  prodnction  of,  359 ;  the  existence 

L  of.  arising  from  non-elimination  denied, 

I  3€1 ;  Frericbs'  doctrine  of  '  polycholia,* 

^^  361 ;  icterogenic  poisonous  agents  dis- 
^^L  eussed,  362—366;  does  a  urobilin  exiBt(?), 
■■  866 ;  the  fiBces  iu,  462 
^Xndican,  or  indoxyl-sulphunc  aoid,  424 
Xndol,  421  ;  mode  of  preparation  of,  421  ; 
not  a  primary  product  of  the  deoomposi- 
tion  of  the  proteid  molecule,  420,  422; 
physical  and  chemical  properties  of, 
422;  testa,  423;  fate  and  transforma- 
tions of,  in  the  economy,  A%i 
*  Ingluvies'  or  '  crop,'  474 
Xntestinal  juice.  4C^ ;  Thiry's  fistula  for 
obtaining,  406 ;  Vella's  double  fistula, 
406 ;  ctrcumstances  inHuencini;  secre- 
tion of,  iOa ;  effects  of  mechanical  and 
electrical  stimuli  on,  409 ;  effect  of 
chemical  stimuli  on,  410 ;  ejects  of 
pilocarpin  on,  410  ;  influence  of  nervous 
system  on,  410,  411 ;  physical  and 
ohemioal  characters  of,  412  ;  action  of, 
on  protdds,  412  ;  action  of.  on  stareh. 


413 ;  action  of,  on  cane  sngar,  414  ; 
action  of.  on  maltose,  415 ;  action  of,  on 
fats,  416 

Intestine,  large,  the,  arrangement  and 
structure  of,  44S ;  time  occupied  by 
alimentary  substances  befoi-e  reaching, 
449  ;  character  and  quantities  of  avail- 
able alimentary  principles  contained  in, 
450 ;  Hual  digestive  processes  in,  451 ; 
the  gases  of,  466 

Intestine,  small,  the,  arrangement  and 
structure  of,  397  ;  on  putrefactive  pro- 
cesses in,  418  ;  rate  of  pastage  of  ali- 
mentary substancesalong,  449;  morpho- 
logitio  and  chemical  characters  of  con* 
tents  at  exit  from,  450 

Intracellular  digestion,  469 

Inversion,  deHned,  414 

Invert-sugar,  414 

Iron  in  the  bile,  341 ;  the  observations  of 
(iamgee  and  Rutherford,  341  ;  of  Clam* 
gee  and  P.  A.  Vonng,  342;  subsequent 
observations  of  Hoppe-Seyler  and  £un- 
kel,342 

Jaborandi.  action  on  salivary  Rccrotion,  16 

jACOBdEN,  0..  his  observation  aud  analym>s 
of  human  bile.  289,  341,  345.  346 

Jacobson's  nehvk,  eCfeots  of  stimulation 
of,  on  flow  of  parotid  saliva,  22;  influ- 
ence of  stimulation  of,  on  composition 
of  parotid  saliva,  25 

jAcnsowtTscB,  analyses  of  mixed  human 
saliva.  21 

Jaffc.  Max,  on  omithin,  244 ;  on  the 
spectrum  of  Omelin'a  reaction,  320  ; 
on  biliary  urobilin,  327  ;  on  identity  of 
hffimatoidin  and  bilirubin,  349  ;  on  the 
colouring  matter  of  the  ffeces,  458 

jAKowtJKi,  on  the  bacteria  of  the  colon, 
454 

V.  Jakscb,  quoted.  94,  95 ;  modifioation  of 
Sjogvist'ii  method,  500 

Jaundice,  tfe  Icterus 

Jawokski,  on  chronic  atrophy  of  the 
stomach.  177 

Johnson,  Sib  Geohob,  reference  to,  273 

JoLis,  S.,  on  the  acids  of  pig's  bile,  300 

Kaiskb,  F.  F.,  on  the  survival  of  dogs 
after  complete  removal  of  the  stomach, 
164 

Kart.  a.,  on  the  antiseptio  aotion  of  the 
gastric  joioe,  169 

KnRNAS,  investigation  of  oases  in  which 
the  blood  could  not  pass  directly  from 
the  portal  blood  to  the  liver,  284 

KutCHOF,  his  discovery  that  sugar  is 
formed  by  the  aotion  of  boiling  sul- 
phnric  add  on  starch,  and  in  the  process 
of  malting,  37 

Kjsldabl,  on  temperature  moat  favourable 
to  diastatio  action,  51 

Ktaicwianwicz,  method  of,  for  isolating 


518 


INDEX. 


the  pyloric  end  of  the  stomaoh   and 
obtaining  the  pyloric  seoretion,  104 

Knizbieu,  v.  W.,  on  aspartio  acid  as  a 
prodact  of  tlte  paocreatio  digestion  of 
glnten,  251 ;  on  the  decomposition  of 
oellnlose  in  the  alimentary  canal,  480 

KocB.  Robert,  on  the  destruction  of  the 
badllns  of  Asiatic  oholera  by  the  gaatrio 
jaice  and  dilute  hydroohJoric  aoid.  171 

KoLXJKSB  and  Mclleb,  observations  of, 
on  the  influence  of  calomel  on  secre- 
tion  of  bile,  371 

KuBNEuandSTnuDK,  effects  of  blood-letting 
on  flow  of  bite,  285 

KoecuLAKOPr  and  Booovox.orT.  researohes 
of,  on  the  npectrum  of  Pettenkofer'a 
reaction,  399 

EoBSCL.  A  T-P  ,  researches  of,  on  the  nadein 
of  yeast,  and  on  the  origin  of  hypoxan- 
thine,  xanthine,  and  guanine  from  it, 
262  :  his  discovery  of  adcnin.  263 

Kracsx,  Huqo,  supposed  bypoxan  thine  to 
be  one  of  the  products  of  the  digestion 
of  fibrin,  261 

KftONECREft,  Hnoo,  apparatus  of,  for  the 
separation  by  dialysis  of  the  products 
of  digestion,  45  ;  reference  to  his  Tiews 
on  the  transformations  of  peptonea  in 
the  alimentary  canal 

ErCbs,  Db  Gerhaiid,  and  Da  Hugo,  on 
inapplicability  of  spectro- photometry 
to  the  dcterminatiou  of  snlphocyanio 
acid,  56 

Kbckenbioui,  C.  W.  Fr.  ,  on  tryptophan  and 
its  spectrnm,  264  ;  on  the  spcotram  of 
Ehrlich'a  reaction  for  bilirubiu,  321;  on 
digestiou  in  invertebrata.  472 ;  on  diges- 
tion in  fishes,  473 

EtTPTERATH.  On  the  absence  of  jaundice 
when  the  thoracic  duct  aa  well  as  the 
common  bile  duct  is  tied,  35'J 

EuHisa,  W.,  on  artificial  gastric  juice,  82, 
B3 ;  arrangement  of,  for  dialysis  in  a 
continuouH  stream  of  water,  88,  89  ; 
his  observations  and  theoretical  riews 
on  the  splitting-ap  of  the  albaminous 
molecule  by  the  dipestive  enzymes, 
117  et  seq. ;  his  description  of  antial- 
bumat  and  antialbuniid,  120  ;  discovery 
by,  of  albumoees  in  urines,  12*2  ;  on  the 
morphological  elements  of  the  pan- 
creatic jaice,  199 ;  on  the  absence  of 
tyrosine  in,  301 ;  observation  on  pan- 
creatic emulsions,  211;  his  re-disoovery 
of  the  proteolytic  activity  of  the  pan- 
creatic juioe,  218  ;  shews  that  the  tissue 
of  the  pancreas  poseaBsea  the  same 
power  and  finds  peptones,  lenoiue, 
and  tyrosine  in  the  products,  218 ; 
study  of  the  colouration  produced  by 
chlorine  and  bromine  water  when  added 
to  pancreatic  juioe,  264  ;  on  the  ilow  of 
bile  in  relation  to  the  digestive  act,  276; 
on  the  action  exerted  by  the  bile  when 


mixed  with  add  chyme,  SSS ;  reManSus 
of,  on  jaundice,  362  ;  on  indol,  tf  1 ;  w 
the  destruction  of  trypsin  by  pepsin, 
444  ;  on  the  diffuaibUity  of  albumoees 
and  peptones.  489 ;  new  method  of 
separating  albumoees  from  peptonea.4d0 

EuHVK,  W.  and  B.  H.  CatTTBMi>aji,  te- 
searches  of,  on  albomoseo.  122,  125 ;  oq 
myooin  and  myosinoses,  122  ;  on  elattin 
and  elaatinoaea,  122 ;  on  dentero-albu- 
mose,  129;  on  dya-albumoae,  131: 
results  of  anal^es  of  albumoees.  bj, 
132  ;  classification  of  albumoees,  ISS ; 
on  globuloses,  18S  ;  on  myosinoees,  ISS 

W.  EOhxs  and  Soeiudan  Lea,  on  the 
changes  exhibited  by  the  Uving  pan* 
oreas.  during  secretion,  199 

E6lz,  E.,  on  the  use  of  the  hollow  gastric 
sound  in  diagnosis,  165 

EGnkel,  a,,  on  the  excretion  of  iron  and 
colouring  matters  in  the  bile,  342 ;  on 
the  excretion  of  nitrogen  and  solphnc 
in  the  bile.  348 ;  on  the  ocenrrcnoe  of 
iron  in  extravasations  of  blood.  349; 
on  the  absorption  of  bile  by  the  lym- 
phatics of  the  liver.  359  ;  on  the  gases 
produced  during  fermentations.  466 

Labordb,  on  the  free  aoid  of  gaatrio  juice, 

96 
Lacabteezz,   on   mercnxy  in  gall-stonea, 

881 

Laotio  acid  of  fermcutation.  presenoe  of, 
in  gastric  juice,  91,  98  ;  coloor-reaotioofl 
enabling  tho  detection  of  in  gastric  jnioe. 
99 ;  hypothesis  as  to  the  existence  of  a 
lactic-acid  producing  agent  in  the 
stomach,  151 

Lamanbkt,  influence  of  nervons  system  on 
intestinal  secretion,  410 

Landwehr,  researeheaof,  on  mucin  referred 
to.  335 

LANOEaHANB,  ou  the  structure  of  the 
pancreas,  referred  to,  189 

Lasobaxs,  on  the  identity  of  hstmatoidin 
and  bilirubiu,  349 

Lamolev,  J.  N.,  solubility  of  enaymes  and 
symogens  in  glycerin,  4 ;  action  of 
oemic  aoid  on  salivary  glands.  12; 
changes  in  cells  of  salivary  gland» 
during  secretion,  15 ;  on  muoigen.  15 . 
on  the  resultfi  of  stimulating  Jacobaou's 
nerve  on  the  secretion  of  parotid  saliva 
{foot-note},  23 ;  diflereuceis  between 
chorda-  and  sympathetie-uliva  in  tha 
oat,  31  ;  on  anti-paralijtic  ov  antilijtte* 
secretion  of  submaxillary  saliva,  32  ;  on 
cause  of  viscidity  of  sublingual  saliva, 
83  ;  researches  on  pepsinogen,  lOS; 
discovery  of  the  action  exerted  by 
solutions  of  NagCOy  on  rennet 
and  rennet- isymogen.  149;  reaaarebi 
on  the  action  of  dUute  acids  on 
action.  157  {»ei  also  Langley  and  Eves) 
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direotioiu  for  experimentB  relating  to 
g&Btrio  digMtion,  179.  184,  186,  187; 
on  the  destruction  of  fennenta  in  the 
&liment&i7  c&o&l,  444 

Laxglkt.  J.  N.,  ftnd  J.  S.  Edkixa,  *  Pepstn* 
ogen  and  Pepsin,*  102 

LAHOunr,  J.  N..  and  F.  Eves,  on  eondi- 
tions  which  influiince  the  amylolytic 
action  offtaliva.  157 

LuiuutT,  J.  N.  and  H.  M.  Fuctcheb,  on 
the  influence  of  the  Rtrensth  of  the 
itimnlua  applied  to  the  '  chorda '  on 
th«  eomporitioo  of  ■nhmaxlllacy  saliTa, 
38 ;  on  the  effects  of  injfH^tion  of  NaCl 
and  Na^COj  into  the  blood  on  secretion 
of  saliva.  ft3 ;  their  analysis  of  sublingual 
Baliva  referred  to,  33 ;  on  rate  of  excre- 
tion of  salts  hy  the  saliva,  51 

LAHoure,  J.  Nm  and  U.  Sevaix.  on  the 
ohaogw  in  the  pepsin -forming  glandit 
during  digestion.  106 ;  reladve  amounts 
of  pepsin  in  stomach  st  varying  timea, 
106 

T<4TmEHTBB.  Bat,  on  intra-oellolar  diges- 
tion. 471 

I>ATBCHXXorr.  p.,  on  the  empirical  formula 
of  oholalio  acid,  305 

Latscbsnvkrgkk,  on  the  formation  of  bill- 
mbin  from  blood  colonring  matter,  349 

Lufxois  and  Lkpike,  on  diaatatio  aotiritj 
of  small  intestioe,  418 

liKA,  SsKRiPAMf  comparative  study  by,  of 
natural  and  artificial  di^eirtioD,  41  ; 
finds  maltose  to  be  the  only  sugar 
resulting  from  the  action  of  salivary 
and  pancreatio  diaatase  on  starch,  43  ; 
appamtua  of,  for  separating  by  dialysis 
tho  products  of  digestion,  tbc.,  46; 
(Eiibne  and)  on  the  phenomena  ex- 
hibited by  the  Uvin^  pnncreaa  during 
seoretioo,  199 ;  doubts  whether  poncre- 
•tio  diastase  directly  forms  any  grape 
BUffar,  416  ;  on  the  formation  of  loncino 
and  tyrosine  in  the  U\ing  alimentary 
eajoai,  445 
JiBaBKD,  on  the  presence  of  sulphooyanates 

in  the  blood  and  urine,  20 
*  Legal'a  reaction  '  for  indol,  423 
X^BHXAVN,   hie    discovery    of    lactic   and 
hydrochloric  acids  in  the  gastric  jnioe. 
91 
XjtPiKS,    hie    Gxperimcnta     to    discover 
whether  the  border  oells  of  the  gastric 
glands  exhibit  an  acid  reaction,  109  {tee 
aUa  Lannoia  and  Lt'pine). 
XiBUHB,  on  tho  use  of  tho  hollow  gastric 
sound,  165 ;  on  the  diminution  of  the 
hydrochloric  acid  of  the  gastric  juice  in 
fever,  172  ;  on  nutrient  enemata.  452; 
on  intestinal  juioe,  412 
Xeucine  (a-amido-isobntylacetio  acid),  233 ; 
occurrence  in  the  organism  in  health  and 
disease,  232,  233  ;  modes  of  preparation 
and  separation  from  tyrosine,  234  ;  con- 


stitution of.  837;  synthesis  of.  S38; 
physieal  and  chemical  properties  of, 
239  ;  rotatory  power  of  the  physieally- 
isomeric  lencineE,  341 ;  compounds  of, 
242  ;  reactions  which  serve  to  identify, 
342 ;  isomers  of,  243 

Lktiobs,  first  observed  the  diastatio  action 
of  saliva  on  starch,  36 

Lbctrbt  and  LAsaAioKX,  researches  of,  Qn 
digestion,  70  ;  on  intestinal  seoretiou. 
410 

Lsvt,  Max,  on  the  mid-gut  gland  of 
MoUusca,  472 

Letden,  belief  of,  in  jaundice  by  non- 
elimination,  365 

LicHTHBiM,  on  the  effects  of  stimnlation 
of  the  spinal  cord  on  the  flow  of  bile, 
286 

*  laEBERKOuN'B '  glauds,  in  small  intestine, 

3'.»8 ;  in  large  intestine.  448 ;  secretion 
of,  451 
LcBBBMiAKN,  Leo,  the  reaction  exhibited 
by  hydrobilirubin  when  treated  with 
nitre  and  sulphuric  aoid,  326  ;  on  the 
Bpcctroscopic  oharaotcrs  of  choletclin, 
330  ;  on  the  differences  between  chola- 
telin  and  hydrobilirubin,  331,  332 

*  Liebermann'a     reaction '    for    hydrobili- 

rubin, 326 
LiEBio.  J.  v.,  on  eatalysiB,  7 
LnfTRtOBT.  synthesis  of  leucine,  239 
LnrDBBBEBOEB.  ou  thc  antiseptic  inflaenoe 

of  the  bile,  357 
Lingual  and  buocal  glands,  secretion  of,  84 
Lipp  (i»  Erlemneyer  and  Lipp) 

*  LigooB  PASCftRATTCDfl.'  Bcnger's,  224 
Lister,  Sib  Joseph,  reference  to  a  case  of 

biliary  fistula  in  man,  in  whieh  be 
operated,  273 

LitbofelLic  acid,  468 

LrnoisiDOE,  on  the  diastatio  enzyme  of 
the  pancreas,  207 

LoEWENToN,  on  the  influence  of  purga- 
tives, &o.,  on  the  aecretion  of  bile,  374 

DB  Ldca  and  Pahckiii,  on  the  aoid  aeore- 
tion  of  Doliom  galea.  168 

L€tter'b  method  of  investigating  the 
aoida  of  the  gastric  contents,  502  {tee 
aUo  Martins  and  Ldttke) 

Lnnwio,  Cabl.  innervation  of  aalivary 
glands,  13 ;  on  nature  of  act  of  secre- 
tion, 14 ;  on  tho  heat  evolved  during 
secretion,  in  submaxillary  gland,  14.  28 

Lddwio  and  Bbccbb,  on  effectof  continued 
stimulation  of  the  chorda  tjrmpani  on 
secretion  and  composition  of  submaxil- 
lary saliva,  30 

Lddwio  and  Bernstew.  194 

LuDwio  and  A.  Spiess,  on  heat  evolved 
during  secretion  of  saUva,  14 

Lunwio  and  Weikhaks,  194,  liH* 

Lyaatiniue,  discovery  by  Brechsel,  266; 
preparation  of,  256  ;  Siegfried's  method 
of  separating,  257 ;  composition  of  its 


L 


520 


INDEX. 


■Uv«r  componnd ;  relation  k>  creatine 
or  creatiuine  (lyBatinine  or  lysatine?), 
257  ;  dpcomposes  with  the  formation  of 
urea,  258;  like  lysine  is  an  actaal 
product  of  the  digestion  of  tibnn  bj 
tnrpsin.  250 
Lysine,  254 ;  lii«tory  of  the  discovery  by 
Dreohflel,  254 ;  employment  of  phospbo- 
(nngatic  acid  to  precipitate  it  and  lyaa- 
tinine,  255;  coniitilution  and  com- 
pounds of,  356 ;  IB  dexirogyrons,  256 

Macfadyen,  Nencsi,  and  Siebek,  re- 
searches of,  on  the  chemical  processes 
of  the  small  intestine.  419,  445,  449, 
450.  451  ;  obserratiouB  of,  on  the  re> 
action  of  muooua  membrane  of  colon, 
451 ;  on  the  bacteria  of  and  putrefactive 
proeesMs  in  the  colon,  453 
Mac  MtTKS,  C.  A.,  on  the  spectrum  of 
Pettenkofer'ft  reaction,  299;  on  the 
spectrum  of  GmeUn*B  roaotiun,  321 ; 
on  biliary  urobilin.  327 ;  on  the  so- 
called  oholohje  matin.  333 ;  on  the 
colouring  matter  of  the  fieoes.  456 

Maltodextrin.  40.  42,  60 

MaltoHe.  discovery  of,  by  Dubmnfaut,  37  ; 
investigatioD  of,  by  O'Sullivan,  37 ;  the 
only  sugar  produced  by  the  action  of 
diastatio  eneyma  of  saUva  and  pancreas 
on  starch.  42 ;  de«cripUon  of,  47 ;  in- 
testinal enzyme  which  converts  —  into 
grape  sugar,  415 

mIjx,  F.  p.,  researches  of,  on  reticular 
tissue.  402 

Maly,  Bjchabd,  his  experiments  and  by- 
potheseB  on  the  origin  of  the  hydro- 
chloric acid  of  the  gastric  juice.  111; 
objections  to  his  hypotheaes,  112;  the 
Anthor'B  modification  of,  113 ;  re- 
searches on  composition  and  formula 
of  bilirubin,  318;  observations  on  the 
nature  of  the  chemical  change,  in 
Gmelin's  reaction,  320;  study  of  the 
action  of  bromine  ou  bilirubin,  321 ;  on 
the  processes  for  preparing  biliverdin 
from  bilirubin,  323  ;  un  the  relations  of 
these  two  bodies,  H'2S ;  investigations 
of,  on  hydrobilirnbin,  325 ;  on  the 
colouring  matter  of  the  fa^es,  458 

Mai.y,  R.  and  F.  EviCB,  on  the  behaviour 
of  taurocholic  acid  with  solutions  of 
albuminous  substances  and  peptones, 
301.  353;  on  the  antiseptic  action  of 
tiie  bile-acids,  357 

Mandei^tahm,  on  cholagogues.  374 

Ma&ckwaju,  Max.  un  the  absorptive  powers 
of  the  colon,  453 

llAsroBi,  on  the  cholagogne  action  of 
santonine,  373 

liUtiBBALL,  John,  on  Hiifner's  method  of 
separating  glykocbolic  acid  from  ox- 
bile,  296 

MAJtnrs  and  LOttke,  researches  of  on 


igestioD^i 

)rooe»8^^n 


the  odds  of  the  gastric  juice  and 
contents,  495  et  secj. 
Makcet.  W.,  researches  of.  on  'exoreoa 

and  fxcretolic  acid.  459 
Mastus  and  Vaslajk,  on  '  stercobilin.*  1&8 
MAStorp,  ou  inteetinal  juice.  409.  413 
Matkr,  J.  R.,  his  views  on  catalytic  force,  7 
Meadb-Smitb,  od  absorption  in  the  sto- 
mach, 440 
McKendbjce,    J.   O.,    his    Text-book    of 

Physiology  quoted.  477 
HcNauort,  on  acid  dyspepsia.  175;  deter- 
mination of  acids  in  gastric  oont«nt«, 
500 
Meconium,  the,  461 ;  analyses  of,  462 
MElBfiXKn,  researches  of,  on  the  action 
the  gastric  juice  on  proleid*.  114—11 
repeated    refereuce    to    i2(J,    123.    1 
action  of  the  pancreatic  juice  on  pro 
217 
Meibsncr.  M.,  on  intracellular  digestion* 
471 

•  Melanin,*  349 
V.  McHiKo,  researches  of  on  the  p 

of  absorption  in  the  stomach.  441 

and  Cabn.  method  of.  for  the  de» 

termination  of  the  acids  in  the  gMtrio 
juice  and  contents,  495 

and    Museums,   researobM  of,    on 

the  action  exerted  by  the  salivary  and 
pancreatic  fcnnent.  referred  to,  37 

Metapeptone.  Mei^sner's,  115 

*  Methyl-aailin   violet  reaction,'    for    the 

acid  of  the  gastric  juice,  93 
Methyl-guanicUne  in  cholera  cultureflf  436. 

466 
Metbyl-merc&ptan,  as  a  prodoot  ol  the 

putrefaction  of  prot«ids,  and  a  gaseous 

constituent  of  the  Urge  intestine.  506 
METscnNiKOKT,    Elias.    OH    iDtraoeUalar 

di^cKtiuu  and  phagocytosis,  471 
MiALDE,  his  diticovery  of  a  diastatio  f( 

ment  in  saliva,  36 
Mid-gut  gland  of  molluscs,  472 
MixKowsiu,  O.  and  B.  Nauxtk.  on  the 

iron  in  the  liver  in  poisoning  by  arsenin- 

retted  hydrogen,  350 ;  on  icterus  through 

polycholia  nad  on  the  prooeases  which 

occur  in  the  liver,  during  the  same,  364 
MiTscuKHLicH,  liis  estimate  of  the  quantity 

of  saliva  secreted  by  man,  16 
MoLEscBOTT,  J.,  OU  the  action  which  bile 

exerts  on  peptones  (albumoses),  362 
Mollusoa,  so-called  liver  of.  472 
MoREAC,  experiment  of,  shewing  secretion 

of  intestinal  juice  after  division  of  the 

mesenteric  nerves,  411,  462 
MoBOAONi,  referred  to  concerning  the  modi 

of  production  of  jaundice,  360 
MonocnowETZ,  on  the  digestion  of  elas 

146 
MoHRis,  »fe  Brown  and  Morris 
MoTT,  on  the  iron  in  the  liver  in 

clous  anttmia,  350 
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d  nncleo<&1bumin  of  tbo  bile,  the, 
;  originally  mistakea  for  mucin, 
335 ;  the  researches  of  Honunarsten 
asd  Paijkull  on,  336 ;  metbode  of  sepa- 
ration of,  836  ;  reftotions  of,  337;  reflalts 
of  elementary  acalysifi  of,  338 

MCllzr,  Joiunxes  and  Th.  ScfrwANN, 
experimenU  of,  on  artitloi&l  digestion.  81 

HCixEB,  Julius,  experiments  of,  on  action 
of  salicylic  acid  on  Btorofa.  60 

MuNK,  J.,  discovery  of  a  proteolytic  fer- 
ment in  mixed  saliva,  18  ;  bin  estimate 
of  the  quantity  of  sulpbocyanie  aoid  in, 
19;  bis  method  of  determination,  65; 
effects  of  atimulating  the  splanohnio 
nerres  on  the  flow  of  bile,  280 

MuRCEnsoN,  Dr,  reference  to  a  case  of 
biliary  :fi8tula  observed  by  blm,  273  ;  bis 
views  on  jaundice  referred  to,  301 

MciscDLUs,  researches  of,  on  diastatio 
action,  37 

MtmccLus  and  Gbubxb,  researches  of.  on 
starch,  49 

Htliub,  F..  his  researches  on  Pcttcnkopcr's 
reaction  and  his  modification  of  the 
test,  208 ;  on  the  preparation  of  cholalic 
acidf  803  ;  iodiBti  cumf»«->uud  of  cholalic 
acid,  305  ;  empirical  formula  of  the 
atter,  305  ;  researches  of,  on  desoxy- 
cholalio  aoid,  306 


Nabsb.  0,  on  the  amylolytio  power  of  the 
bile  of  the  pig«  852 ;  on  the  action  of 
calomel  on  the  secretion  of  bile,  371 ; 
on  the  constitution  of  aromatic  bodies 
which  exhibit  Millon's  reaction,  429 

NAtrxTN,  B..  discover}'  of  bile  acids  in  the 
nrine  of  cases  of  pyiemio  jaundice,  866 ; 
on  hydropt  cystidis  felle«,  369;  on 
empyema  of  the  gall-bladder,  870;  on 
the  olassifioation  of  gall-stones,  380 ; 
on  the  pre«enco  of  metallic  mercnry  in, 
381 ;  his  theory  of  cbolelithiasis,  366 ; 
his  ohscrvfttions  on  the  formation  and 
growth  of  gall-stoDes.  388 

Nbncki,  Lron,  on  methyl-mercaptan,  506 

Kencki,  M,,  oil  tho  products  of  pntre- 
faction  of  albnmin  and  gelatin  in  the 
presence  of  pancrca;:.  226 :  on  the 
amount  of  leucine  yielded  by  gelatin 
when  it  is  decomposed  by  boiling  sul- 
pbohc  acid,  237  ;  on  a  sparingly  soluble 
leneine,  248 ;  experiments  wit)i  M.  Hahn, 
V.  Massen  and  J.  Pawlow,  on  the  results 
which  follow  when  a  tistula  is  established 
between  the  portal  vein  and  tlie  vena 
cava  inferior,  the  former  vfssel  l)eing 
tied  on  its  entrance  into  the  liver.  285  ; 
researches  with  Mrs  Uieber  on  the  blood 
colouring  matter  and  on  the  relations 
of  bilirubin  to  hn^matin,  349;  researches 
with  Macfadynn  and  Mrs  Sieber  on  the 
^g  chemical  processes  of  the  human  small 
mk      intestine,  419;    discovety   of  indol  in 


» 


pToduotB  of  potrefaction  of  indol,  431, 
422;  method  of  obtaining  and  sepora- 
ting  skatol,  424 ;  on  phenyl-ooctio  and 
phenyl-propionic  acids  as  products  of 
the  decomposition  of  albumin  and 
gelatin  by  anaorobic  bacieria.  431;  dis- 
covers, in  association  with  Mrs  Siobor, 
that  methyl-mercaptan  is  a  constant 
prodaot  of  putrefaction  of  albuminous 
substances,  506 

Netteb.  observations  of,  on  the  sterility 
of  the  bile  of  the  rabbit,  387 

Neuuamn.  on  the  pigments  which  are 
formed  in  extravasations  of  blood,  349 

Neuveibter,  Kicqabd.  his  views  oonoem- 
ing  the  albnmoses,  131,  485 — 187;  sepa- 
ration of  proto-  from  deutcro-albamose, 
488  ;  'tryptophan,'  263,  264  ;  criticisms 
of,  on  experiments  relating  to  chola- 
gogues,  374 

NicATi  and  Riktacb,  the  action  of  gastric 
juice  and  of  dilute  hydrochloric  acid  on 
the  li.  clioferie  Aauuticir,  171 

NiHSEN.  on  cholagogues,  374 

Noel,  G.,  on  the  gases  of  the  bile,  348 

NcssoAUtf,  action  of  oemio  aoid  on  aalirary 
gUnds.  12. 107 

OuERUAYEB,  00  trichloracetic  acid  as  a 
precipitant  of  albmnosee,  229;  on  methyl- 
mercaptan,  506 

Odehhatt,  on  indol,  422 

Odlino,  on  the  constitation  of  tyrosine, 
248 

OoATA,  experiments  of.  on  digestion  with- 
out the  aid  of  the  etomoch,  164 

Orbital  gland,  referred  to,  1 1 

Ohs's  procedure  for  obliterating  the  portal 
vein,  360;  ooUateral  circulation  esta- 
blished after.  264 

Oftni^A,  on  elimination  of  poisons  by  the 
liver,  374 

Ornithin  referred  to,  244 

O'ScLLivAN,  researches  of,  on  maltose,  87 

Otto,  on  chenotaarocholio  ai^id,  302 

Oxyntic  cells,  of  the  glands  of  tbo  fundus 
of  the  stomach,  62 


Panoreas,  the,  introductory  obser%'ation->i 
on.  188;  minute  structure  of.  189;  vas- 
cular and  nervoussurveyof,191;  changes 
in  cells  of,  accompanying  secretion,  197 

Pancreatic  fistuls,  nrst  made  by  Regnler 
or  Graaf,  192;  Claude  Bernard's  me- 
thod of  establishing,  192 ;  Heidenhain'a 
method  of  establishing  temporary  fis- 
tulio,  193 ;  method  of  Ludwig,  194 ; 
Ueidenhain'a  method  of  establishing 
permanent  fi^tulfc,  194 

Pancreatic  juice,  secretion  of,  191 ;  im- 
possibility of  obtaining,  by  fistuln, 
all  the  juice  eecreted.  195  ;  diffleulty  of 
obtaining  a  continuouA  i\<i\Tcv«!t.  ^^^-^^ 


1 


522 


195 :  quantity  of,  sfrcreted,  190 ;  phyvical 
and  chemical  characters  of.  199,  SOO; 
general  chemical  oharacter*  of,  200 ;  the 
enzymes  which  it  contains,  201 ;  con- 
tains DO  tyrosine,  and  only  a  trace  of 
leucine,  201 ;  peroentage  eompoution  of 
the  juice  of  recent  Gfltul».  301 ;  of  the 
thin  joioe  of  permanent  fintuln.  202; 
C.  Sohmidt's  analyses  of,  from  temporary 
and  from  p<>rmanent  fistalm,  202 
Pancreatic  juice:  The  Enzymes  of.  303 

I.  The  diastatio  enzyme,  203;  pre- 
paration of  solutions  of,  '204,  305 ;  mode 
of  action  of,  206;  how  affected  by  tem- 
perature, 306 ;  inBncnce  of  quantity  of, 
on  rate  of  diaatatio  action,  20G;   ap- 

,  proximate  estimate  of  diastatic  power  of 
kthe  ferment  itself,  206 ;  relative  richness, 
fn  eDTymo.  of  the  panoreas  of  ox,  sheep, 
pig,  206;  is  there  a  Kymogen  of?,  30G; 
independent  of  the  other  panoreatie  en- 

lee,  208;   attempU  to  isolate,  308. 

;  ultimate  analyses  of,  210 

II.  The  fHt-eplittiug  enzyme  of.  310; 
researches  of  Claude  Bernard,  210  et 

in  virtue  of,  the  pancreatic  juice 
id  the  fresh  gland-tisane  itself  decom- 
pose the  neutral  fate,  213;  how  to 
demonstrate  this  action,  313  ;  property 
lost  when  tissue  beoomefl  acid,  213; 
Gnitzner's  method  of  preparing,  314 ; 
of  observing  comparative  fat-splitting 
^activity;  property  of,  to  dooompoae  acetic 
t«tber.  314  ;  r^sons  for  asserting  that  a 
lat-splitting  enzyme  cxistB.  215 ;  Griitz- 
ner's  observatioDS  on  the  richness  of  the 
panoreaB  in  f&i-deoompoBing  enzymes, 
315 

lU.  Trypoin,  the  proteolytic  enzyme, 
216;  historical  notes  ou  the  discovery 
of  the  proteolytic  activity  of  the  pancreas 
and  its  secretion,  315 ;  the  zymogen  of, 
219 ;  syoonyma  of.  220 ;  methods  of 
preparation  of,  230;  properties  of.  231 ; 
preuuration  of  sotntiona  of,  221,  222 
—  ProtoolyBia  by,  conditions  necossao^ 
to,  233;  general  phenomena  of,  22'6 ;  pri- 
mary products  of,  and  their  amounts, 
225 ;  normal  trypein-digestion  not  asso- 
ciated with  erolation  of  gases,  335; 
*  antipeptoiie'  or  '  trj'ptoae,'  mode  of 
iparation,  reactions  of,  227;  com- 
■Itartttivereactionaof  fibrin,  anti-peptone 
and  fibrin  ampho-peptone,  2*28 

Pancreatic  eeoretion,  general  phenomena 
of,  195 ;  influence  of  the  nervous  system 
upon,  196 

*  Paucreatin,*  term  applied  to  a  mixture 
of  the  pancreatic  enxymes,  208 

'  Paucreatiniue,'  a  synonym  of  paocreatin 

Panuu  referred  to,  concerning  gastric 
fiatulK,  7B.  75 

Para-bydrucumario  (paroxyphenylpropi- 
onjc  acid),  248 


propertiei    an^ 

beliaviour  in  thd 


Parakrewl.  248,  433: 
identitioatiun  of,  134 
eoonomj',  435 

'  Paralytic '  submaxillary  saUva,  33 

Para-ethylphenol.  248 

Para-oxybenxoio  acid,  248 

Para-oxyphenyl-acetic  acid,  248,  430 

Para-ozyphenyl-a-amidopropionio  acid,  or 
tyrosine,  247 

Para-oxyphcnyl -propionic  acid,  347,  439 

'Parnpeptoue,'  Muisiiner's  statements  in 
reference  to,  1  lo 

Pakke,  J.  reMarehes  of,  oa  taurocholic 
acid,  SOO 

pAUKiNiioN,  synthesis  of  leooine.  389 

Parotid  duct.  *t:f  Saliva 

Parotid  gland,  «««-  Saliva 

Pascbkis,  on  cholagogues,  374 

Pabchutin,  v.,  action  of  intestinal  j 
onprott;id8,413;  discovery  of '  in 
ferment  *  of  small  intestine,  414 ; 
fermentations  in  the  integtinea,  4A6 

pASTETTB,  his  researobei^  ou  fermentation,  8 

Pathogenic  organisms,  destruotiou  of,  b: 
the  acid  of  the  gaatric  juice,  171,  172 

pATON,  D.  Noel  and  John  M.  Bai^ou 
case  of  biliary  fistula  in  a  woman  recordi 
and  investigated  by  them,   375, 
346 ;    diminution  and  abMnoe  of  b; 
colouring  matter,  daring  pyrexia,  368 

P&TON.D.  NoKL,  second  set  of  obiervationa 
on  the  woman  with  biliary  hstnla  pre* 
riously  inrestigated  by  J.  M.  Balfour 
and  himself,  275,  377 

Pavy,  p.,  his  explanation  of  the  noo- 
digeation  of  the  stomach  by  the  gastric 
juice,  161 

pAWLow,  M.,  experiments  of,  on  influence 
exerted  by  atropia  on  pancreatic  aecre* 
tioo,  1^7  ;  exptirimeDts  with  M.  B^id, 
T.  Massen  and  M.  Nenoki  on  doga,  in 
whioli  he  eetabliiiheda  tistuloua  aperture 
between  the  portal  vein  and  the  vena 
cava  inferior^  385 

Paijkuij>,  researches  of,  on  the  mucoid 
uuoloo-albumin  of  bile,  336 

Pavxn  and  Pkrsoz  on  diastase,  5 

Peii>cb.  on  the  excretion  of  druga  by  the 
bUe.  375 

PaLOOZB,  on  the  nature  of  the  acid  of  the 
gastric  juice,  91 

Pklodkc  and  Bdhas,  report  of  the  French 
Academy ,  on  the  reaearohes  of  Demaroay 
on  the  bile,  393 

Penta-methylcndiamin  or  oadaverin,  436 

Pepsin,  85 ;  methods  of  preparation 
Schwann's.Bo;  Wa8mann'8,S5;  Brtioke'fl,' 
86 ;  V.  Wittich's,  87 ;  puriJication  of,  bj 
dialyBis,  88 ;  commercial  preparation  of, 
90;  indiiluBibility  of,  68,  89;  prioolpal 
seat  of  formation  of.  in  frog,  in  csaopba- 
gus,  107;  determination  of  activity  of, 
182  ;  destruction  of,  443 

Pepsinogen,    101 ;    ^rst    observatiooa   of 
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Ebctem  and  Gnitmer  on,  101;  SohiCTs 
*  propepsin' ;  reeearehefi  of  Langley 
&nd  Langlflj  and  Edkina,  on,  102  ; 
Langley^s  directions  forexperimentBon, 
186 ;  destruction  of.  445 
Peptones,  134 ;  earlier  and  imperfect 
methods  of  preparation  of  the  mixed 
peptones  resulting  from  the  aotton  of 
pepsin  and  hydroehlorio  aoid,  136 ; 
Ruhn«  and  Chittenden's  method,  137; 
Kbhne'e  improved  method,  400 
Distinguishing  characters  of ,  138 ;  re- 
agents which  precipitate,  130 ;  colour 
reactxoDB  of,  199 :  olesvage- products  of, 
140  ;  difinsibility  of,  141,  489;  chemical 
oompoflition  of,  according  to  earlier 
analyses  of  very  impure  aubataaces,  142 ; 
ASAlyaes  of  EiiiineaDdChittflndcn,  148; 
relations  of,  to  the  proteids  from  which 
they  are  derived,  144 
(Bsfer  also  to  Ajnpho- peptone.  Anti- 
peptone,  Tryptone) 
I^tooee  a.  ;9,  and  y  of  Meissner,  115, 134 

*  Peraicions  an»mia,'  increase  of  iron  in 

lirer  in,  350 
ipBTTESEOPER,  hls  discovery  of  the  reaction, 
for  the  bile  acids,  which  bears  his  name, 
297 

•  PETTKSKorEB*B  reaction,' 297 ;  Drechael's 

modification  of.  29)^ ;  Mylios'K  modifica- 
tion of,  298  ;  spectrum  of,  299 

pFLtJocK,  OD  the  gases  of  the  bile.  343 

Phagocytosis  referred  to,  471 

Phenaceturic  acid,  432 

Phenol,  properties  and  identification  of, 
434 

Phenols,  products  of  pxitrefactive  decom- 
position of  tyrosine,  248,  432 

Phenolphthaldn,  as  an  indicator  in  titra- 
tion, 495 

Phenyl-acetic  aoid,  430 

Phenyl-i^lucosazon,  48 

Phenyl-hydrazln,  4H 

Phenyl-maltosazon,  48 

Phenyl -propionic  aoid,  431 

* PhlQToghKin  and  Vanillin'  afl  reagents 
for  dcteeting  the  free  HCl  of  gastric 
joioe,  94,  496,  497 

PhoApho-molybdic  acid,  as  a  precipitant 
of  peptones,  139 ;  mode  of  preparation, 
139 

Phogpho-tnngstio  (or  phonpho-wolfVamic) 
aoid,  as  a  precipitant  of  peptones,  139  ; 
mode  of  preparation,  139 ;  its  employ> 
ment  by  breohsel,  to  precipitate  lysine 
and  lysatinine,  255  ;  employed  (under 
the  name  of  Scheibler's  reagent)  as  a 
precipitant  of  vegetable  bases,  as  well 
as  for  precipitating  kynorio  acid,  creatine 
and  xanthine,  (footnote),  256 

Pilocarpine,  action  on  salivary  secretion, 
16,  54  ;  action  on  pancreatic  secretion, 
197 ;  action  of,  on  intestinal  secretion, 
410 


*Pio/|^,'  a  name  suggested  for  the  bt- 
splitting  ferment  of  the  pancreas 

PrrcAmN,  Akoui&ald,  the  speculations  of, 
68 

PrrREB,  Chaacot  and,  on  atrophy  of  mos- 
onlar  fibres  of  biliary  passages  in  old 
age,  aai 

'Plattneb's'  crystallised  bile,  291,  295 

Psalterium,  the,  478 

PuDOLixHKY.  action  of  oxygen  on  trjpsin- 
zymotfen,  219 

PoLLiTZKR,  S..  discovery  that  neither 
ampho- peptones  nor  anti-wptones  re- 
strain the  coagulation  of  the  blood. 
140,  163 

Poporp,  on  the  gaaes  of  the  stomach  in 
flatulent  dyspepsia,  174 

PoBTEB,  J.  A.,  analyses  of  the  mineral 
matters  of  fwces  by,  460 

PbBvoBT  and  Bxvit,  on  elimination  of 
medicinal  and  poisonous  agents  by  the 
liver,  876 

Pro-pepsin,  102 

*  Propeptone,'  the  term  applied  by  Schmidt- 

Miilheim  to  the  albnmoees,  134 

ProtelnochromogeQ,  a  synonym  of  Tryp- 
tophan  (q.  v.),  2fi3 

ProtoalbumoBi',  125,  136;  analyses  of,  127 

Pboct,  Dr.  discovery  by.  485.  488,  489 ;  of 
hydrochloric  acid  in  gastric  juice,  91 

*Proventriculus,'  475 

Ptomaines,  definition  and  etymology  of 
the  word,  435  ;  n  on -occurrence  of,  nor- 
mally, in  intesttine,  435 ;  ooourrenoe  of 
in  the  stools  iu  cases  of  Asiatic  eholera 
and  eystinuria,  436 

Ptyalin,  or  the  diastatie  enzyme  of  the 
saliva 

'  Pntresom,'  or  tetra-methylendiamin, 
436 

Ptb-Suitu,  p.  H.  and  T.  Ladder  BstTyroN, 
on  the  nerve  centres  which  influence  in- 
testinal secretion,  411 

Pyloric  glands  of  the  stomach,  100;  Eb- 
stein  and  Qriitzner  on  the  formation  of 
pepsin  in,  101 ;  v.  Wittich's  views,  101 ; 
conclusions  to  be  drawn  from  Klemen- 
siewicz  and  Heidenhain's  experiments, 
105 

Pyloric  secretion  (suoous  pyloricas).  104; 
method  of  Klemensiewioz  for  obtaining, 
and  results  on,  104;  Hcidcnhain'a  re- 
searches in,  104;  conditions  affecting 
Beor^tion  of,  alkalinity  of,  and  ferments 
contained  in,  104 

*  PyrcsiM^'  176 


Quincke,  H.,  on  the  production  of  faili- 
rubin  and  bilivardin  iu  blood  injected 
sabcutaneously,  349;  on  so-called  aro- 
bilinjauudice,'  366;  on  secretion  of 
intestinal  juice,  409 ;  on  digestive  pro- 
perties of  intestinal  juioe,  413 
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Habttteac.  obAervatioDs  of,  on  the  prewnoe 
of  HCl  in  the  Rastric  juice,  1U3 

Radzi&ikwskv,  on  the  dutribotion  of 
leucine  in  the  body.  23S 

lUxizisjEWSKi  and  Balsowsri,  first  dis- 
ooverod  aspftrtic  acid  among  the  pro- 
duoUuf  digestion  of  fibrin  by  trypBiD,*251 

Baute,  his  hypotbesis  to  account  for  the 
separation  of  hydrochloric  aoid  by  ttte 
stomach,  110 

Banke,  Job.,  case  of  biliAry  fistula  in  man, 
273 

R^AUuuBj  researchee  of,  on  di^etition,  68 

llECKLiNOBAUSEM,  on  the  formation  of  bili- 
rubin in  the  blood  of  the  frog.  349 ;  on 
the  fonnatioD  of  bile  colooriug  matter 
in  the  blood  of  froKB,  849 

IlBi>TKxmACBEB,  liiB  discovery  of  tb«  pre- 
sence of  sulphur  in  taurine.  293 

Beduciug  power  of  soluble  carbohydrates, 
43 

Rekowhsi.  L.  de,  ou  the  pbyaiologiool 
action  on  methyl-mercaptan,  506 

Rennet-enzyme,  I.  of  tbe  storoaoh,  147 ; 
researches  on.  of  Heintz  and  Eammar- 
(ttcn,  147;  always  present  in  gastric 
juice  of  healthy  men,  148  ;  zymogen  of, 
14B;  distribution  of,  in  stomach*  14B ; 
solutions  of,  how  prepared,  140 ;  Ham- 
marsten's  method  of  aeparating,  149; 
charaotem  of  solutions  of  pure,  149  ; 
agents  which  impair  action  of,  or  de- 
stroy. 149;  mode  of  freeing  pepftin  from 
the  rennet-eDzyme,  150 ;  itH  one  ciia- 
roetcristic  property  in  to  curdle  milk, 
150;  products  of  action  of,  on  casein, 
160;  activity  of.  160;  Langley's  diree* 
tions  for  expt^riuitntb  uu,  186 
11.  of  the  pancreas  and  small  intestine, 
446 

'  Reoch*s  reaction,'  93 

Besorcin.  as  a  reagent  for  the  freo  HCl  in 
tbe  gastric  contents,  497 

Reticular  or  rctiform  tissue,  401;  prepara- 
tion of,  403 

Retlcaiin»  preparation  of.  404;  physieal 
and  chemical  properties  of,  4(M  ;  pro- 
ducts of  decijmpoifition  of,  405 

'Reticulum,  the,'  478 

Retiform,  or  reticular  tissue,  401 

Ru-iiET,  CuARLEs,  reseanthes  of.  on  the 
gastric  juice,  73,  96;  his  employment 
of  Bcrthelot's  method  to  determine  the 
nature  of  Uie  acid  of  the  Kt^f^thc  juice, 
97 ;  criticism  of  his  results  by  the 
Author,  98;  observations  on  tbe  acidity 
of  the  stomach,  158 ;  on  the  duration 
of  the  digestive  process  iu  the  stomach, 
159 

BfTTBB,  on  colourless  bile,  868 

BimufSEN,  U.,  on  the  copper  compound 
of  glutamic  acid.  25!) 

RrrruACSEN,  H.  and  Kkj^usleu,  on  a  com- 
pound of  copper  with  leucine,  242 


RoBEBTB,  ftir  W..  experimenta  of.  on  dia- 
static  action  of  saliva,  40;  researches 
of,  on  temperature  most  favourable  to 
action  of  diastakio  enayme  of  saliva,  51 ; 
on  temperature  at  which  it  is  destroyed, 
51 ;  on  destruction  of  diastatio  enzyme 
in  stomach,  157;  on  'pyrosis,'  175;  on 
tbe  preparation  of  solutions  of  the  pan- 
creatic enzymes,  204.  206  ;  temperature 
most  favourable  to  tbe  action  «A  the 
diastatio  enzyme  of  the  pancreaa,  206 ; 
the  intluenoe  of  the  quantity  of  this 
body  on  tbe  rate  of  diostatic  action, 
206;  estimate  of  diastatic  power  of 
pancreatic  diastase,  206 

RoBiy,  Chakixh,  on  the  identity  of  bsma* 
toiditt  and  bilirubin.  349 

RofisoM,  A.  W.  Mato,  case  in  which  he 
established  a  biliary  fistula,  carried 
on  important  investigations,  and 
ultimately  cured  by  the  operation  of 
oholecystenteroKtomy,  27o.  277,  345, 
346;  cases  of 'hydrops  cystidia  fellee.' 
369 ;  experiments  with  cholagogoea.  373 

RdHUAHN,  F.,  observatioDB  on  dogs  with 
biliary  fistulie,  357  ;  on  intestinal  secre- 
tion. 409  ;  on  diastatio  action  of  in* 
tcstinal  juice,  413:  on  the  intestinal 
inverting  enzyme,  414,  415 

Roniiici.  observations  of,  on  ohologogaes, 
371 

RosENBEBO,  on  cholagogoes,  B73 

RoeeNKBANZ.  influence  of  bile  introduced 
into  tbe  stomach  on  tbe  secretion  of 
bUe,  281 

RuoE,  analyses  by,  of  gasea  of  human 
colon.  467 

'  Rumen,  the,'  478 

Ruminants,  the  stomach  of,  478  ;  the 
chemical  prooesaea  which  have  their 
seat  in,  479 

Rfthebford,  W,,  observations  of,  and  of 
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Salkowski) ;  on  the  behaviour  of  skatol- 
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Sauiowski,  £.  and  H.,  their  reaearohee  on 
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aspAztio  acid  aa  a  produot  of  pancreatic 
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Salicylic  acid,  intlnence  of,  on  diastatio 
action  of  ealiva.  50  ;  compared  with  its 
action  on  malt  •diastase,  ol 

Saliva,  secretion  of.  14 ;  mode  of  ob- 
t&ininK,  IG  ;  quantity  of,  in  man,  16; 
its  Bpeoifio  gravity,  17 ;  its  reaction, 
17;  its  chemical  cunstituunttt,  17;  pro- 
teidfland  mucin  in,  17;  dia.^tatic  enzyme 
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ferment  in,  L8;  extractive  matters  of, 
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20;  nitrites  in.  20;  the  gasea  of.  21  ; 
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tion, 21;  nerves  which  indaenoe,  22; 
mode  of  obtaining.  23  ;  physical  cbarac- 
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26 ;  mode  of  obtaining,  26  ;  physical 
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73 ;  '  propepsin,'  102 ;  alleged  non- 
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ScnsiiDT,  Carl,  analyses  by,  of  gastric 
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leucine  from  inactive  leucine,  under  the 
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tained by  his  method,  246  ;  the  primary 
and  secondary  products  obtained  by  his 
method,  260 

Schwann,  Ta.,  on  fermentation  and  putre- 
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captan,  606 
Si£UFHiED,  Mjuc,  obtaiuB  am ido- valerianic 
acid  as  a  product  of  the  decomposition 
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prodnctB  of  the  bacierial  decomposition 
of  cellulose,  467.  480 

TifiCHANorp,  ■Job.  FCbst,  on  tbe  excretion 
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physical  and  chemical  properties  of, 
312  ;  identification  of,  313 
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on  the  function  of  the  *  crop  *  in  birds, 
474 ;  on  digestion  in  the  horse,  478 
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Trypsin,  the  proteolytic  enzyme  of  the 
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juice  in  a  case  of  typhoid  ferer,  173 ;  in 
cancer  of  the  stomach.  177 

\KhLA'a  double  intestinal  fistula,  406 ; 
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